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SUMMARY 
 
Functional fitness refers to the physical capacity to perform normal everyday activities safely 
and independently without undue fatigue. More specifically, functional fitness refers to 
having adequate strength, flexibility, mobility and endurance to execute essential tasks 
efficiently and effortlessly. Being functionally fit is important for all populations, but even 
more so for populations at risk for loosing functional capacity such as the elderly, disabled, 
and those with chronic medical conditions. 
Down syndrome individuals form part of the intellectually disabled population and show even 
more marked reductions in physical and functional capacities when compared to this already 
functionally limited population. Most DS individuals live sedentary lives, are obese, and age 
prematurely. For these reasons it is important to develop their functional capacities optimally.  
Although standardised tests are available for youngsters with intellectual disability, this is not 
the case for DS individuals. This study therefore endeavoured to describe the physical and 
functional fitness capacity of DS adults and to determine how much individual physical 
attributes contribute to functional capacity.  
17 items, of which the validity and reliability have been determined, were included in the test 
battery. This included 2 balance tests, 2 flexibility tests, 2 coordination tests, 5 muscular 
strength and endurance tests, 2 functional tasks and an aerobic test. A total of 371 
individuals from DS centres and institutions across seven provinces in South Africa 
volunteered to participate in the study. The study sample was categorised according to 
gender and four different age groups (18-25, 26-35, 36-45, >45 years) for further analysis. 
DS men were taller, heavier and had a greater arm span and sitting height than DS women.  
The majority of the participants were either overweight or obese. DS men performed 
significantly better on all but three tests compared to the women. The women performed 
better on the sit- and- reach flexibility test and the chair stand test, however, differences 
were not statistically significant. Physical test items correlated significantly and strongly to 
functional performance in 9 items for DS men and 5 items for DS women. Importantly, 
balance items correlated stronger with functional performance in DS women than in DS men. 
This is not a new finding and suggests that separate training programs should be developed 
for DS men and DS women.  
This is the first study of its kind in South Africa and confirms the findings of previous studies 
that DS adults have both low physical and functional capacities. They are particularly weak 
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in terms of basic endurance and strength, which have been shown are trainable variables in 
DS individuals. The study also provides valuable criterion referenced values for an adult DS 
population. This information will assist health professionals in tailoring appropriate training 
programs to address functional limitations, as well as the negative health consequences 
associated with ageing. This special population thus need the assistance of sport scientists, 
as well as the community, to integrate them into special training and activity programs to 
improve their quality of life. 
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OPSOMMING 
 
Funksionele fiksheid verwys na die fisieke kapasiteit om alledaagse aktiwiteite op ‘n veilige 
en onafhanklike wyse uit te voer sonder om oormatige vermoeienis te ervaar. Meer spesifiek 
beteken funksionele fiksheid dat ‘n person voldoende krag, lenigheid, beweeglikheid en 
uithouvermoë besit om essensiële take doeltreffend en moeiteloos te voltooi. Alle populasies 
behoort funksioneel fiks te wees, maar dit is self meer belangrik vir populasies wat die risiko 
het om hul funksionele kapasiteit te verloor, soos bejaardes, persone met gestremdhede en 
diegene met kroniese mediese toestande. 
Down sindroom individue is deel van die populasie met intellektueel gestremdhede en hulle 
het selfs meer fisieke en funksionele beperkinge as die intellektueel gestremdes. Die meeste 
persone met DS het ‘n onaktiewe leefstyl, is vetsugtig en ervaar premature veroudering. Vir 
hierdie redes is dit uiters belangrik om hulle funksionele kapasiteit optimaal te ontwikkel.  
Hoewel gestandaardiseerde toetse beskikbaar is vir jong persone met intellektueel 
gestremdhede, is dit nie die geval met DS individue nie. Hierdie studie was ‘n poging om die 
fisieke en funksionele fiksheidkapasiteit van DS volwassenes te beskryf en te bepaal tot 
watter mate fisieke eienskappe funksionele kapasiteit bepaal.   
17 items, waarvan die geldigheid en herhaalbaarheid bepaal is, is ingelsuit in die 
toetsbattery. Dit het die volgende ingesluit: 2 balanstoetse, 2 lenigheidstoetse, 2 
koordinasietoetse. 5 spierkrag en uithouvermoë toetse, 2 funksionale take en een aërobiese 
toets. ‘n Totaal van 371 individue van DS sentrums en instellings in sewe provinsies in Suid 
Afrika het vrywillig ingestem om aan die studie  deel te neem. Die steekproef is volgens 
geslag en ouderdom in vier kategorieë verdeel (18-25, 26-35, 36-45, >45 jaar) vir verdere 
analise. 
DS mans was langer, swaarder en het ‘n langer armlengte en sithoogte gehad as DS vroue. 
Die meerderheid van die deelnemers was of oorgewig of vetsugtig. DS mans het beduidend 
beter as die vroue gevaar in al die toetse, behalwe drie. Die vroue het beter gevaar in die sit 
en strek lenigheidstoets en die stoel opstaan toets, maar die verskille was nie statisties 
betekenisvol nie. Nege fisieke toetsitems vir mans het sterk en betekenisvol gekorreleer met 
funksionele kapasiteit, terwyl 5 items vir vroue betekenisvolle korrelasies gewys het. Balans 
items het sterker met funksionele kapasiteit in vroue as in mans gekorreleer. Hierdie is nie ‘n 
nuwe bevinding nie en bevestig dat verskillende oefenprogramme vir DS mans en vroue 
ontwikkel moet word.  
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Hierdie is die eerste studie van sy soort in Suid Afrika en bevestig die resultate van vorige 
studies dat DS volwassenes beide lae fisieke en funksionele kapasiteite het. Hulle is veral 
swak ten opsigte van basiese uithouvermoë en spierkrag, maar beide hierdie veranderlikes 
kan by DS persone ingeoefen word. Hierdie studie voorsien ook waardevolle kriterium 
verwysingswaardes vir ‘n volasse DS populasie. Hierdie inligting kan persone in die 
gesondheidsberoepe help om gepaste oefenprogramme saam te stel om die funksionele 
beperkings en negatiewe gesondheidsgevolge wat met veroudering geassosieer word, aan 
te spreek.  Hierdie spesiale populasie benodig dus die hulp van sportwetenskaplikes, sowel 
as die gemeenskap, om hulle te integreer in spesiale oefen- en aktiwiteitsprogramme om 
sodoende hulle kwaliteit van lewe te verbeter.  
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CHAPTER ONE 
INTRODUCTION 
 
There were times when mentally handicapped persons were believed to be possessed with 
evil spirits and treated as if they were a burden on society. Consequently they were hidden 
in their communities, exploited or even persecuted (Rondal et al., 1999). Mentally disabled 
individuals, including those with Down syndrome (DS), rarely received kind treatment from 
others and were not protected from a cruel environment. It was not recognised that they 
have the same rights as their fellow citizens. 
It was only in the 1950s that Professor Lejeune of France discovered that DS has a genetic 
origin. DS is the most common cause of intellectual disability (ID) which accounts for 
approximately 10-20% of the identified population with ID (Torr et al., 2010). About 5000 DS 
children are born in the USA alone each year (Winnick, 2005). In developing countries 1 out 
of every 600 births are DS, whilst in developed countries this ratio decreases to 1 out of 
every 1000 (Department of Health- South Africa, 2004). Life expectancy for DS individuals 
has increased markedly over the last 30 years which have resulted in older aged DS adults 
(Torr et al., 2010).Newton (1997) reiterated that DS is not a disease but a genetic condition. 
These individuals just happen to share certain unique physical characteristics and have a 
degree of learning disability which differs from person to person. Moreover, it is important to 
realise that their learning disability is not an indication of future ability or functional capacity. 
DS individuals can reach optimal potential if they are provided with proper health care, 
proper education, and proper recreational and vocational experiences (Rondal et al., 1999). 
Thankfully these individuals are integrated into society more than ever before (Wyznikiewicz-
Nawracala, 2002) and given the chance to show their potential in many spheres of life. DS 
and ID associations across the world should be assertive and lend a helping hand to fight for 
a more independent and functional life for these individuals (Pueschel et al., 1997). It should 
be recognised by all that DS individuals are social human beings requiring friendship, leisure 
and work activities so that they too can be self supporting and live fulfilling lives.  
 
Functional fitness capacity 
Rikli et al. (2001) defined functional fitness as “having the physical capacity to perform 
normal everyday activities safely and independently without undue fatigue”. In order to live a 
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quality and independent life, free of unnecessary conditions, diseases, and physical 
disabilities, a healthy and active lifestyle should be pursued. Parameters such as muscular 
strength (lower- and upper-body), aerobic endurance, flexibility (lower- and upper-body), 
balance, and body mass index were identified as crucial for the successful performance of 
daily functional tasks. Functional tasks include activities such as household chores and work 
related responsibilities, gardening, woodwork, shopping, leisure, and recreation. Table 1 
demonstrates the functional ability framework and shows how physical parameters influence 
functional tasks.  
Table 1.  Functional ability framework 
Physical parameter Functions Activity goals 
Muscle strength/endurance Walking Personal care 
Aerobic endurance Stair climbing Shopping 
Flexibility Bending/kneeling Gardening 
Motor ability Lifting/reaching Sports 
Body composition Jogging/running Leisure/ Travelling 
Physical impairment→         Functional limitation               → Reduced ability 
Reprinted with permission from Rikli et al., 1999. 
According to Rikli et al. (1999) a physical impairment (such as low muscle strength) may 
lead to a functional limitation with the consequence that ability is reduced. They advised that 
all individuals should possess adequate ability in a range of physical parameters to afford a 
fully functional lifestyle.  
It has been shown that functional fitness negates the occurrence of many chronic diseases 
(i.e. stroke, diabetes, Parkinson’s etc) and contributes to a better quality of life (Brill, 2004). 
Furthermore, in cases where chronic conditions are already established, living a physically 
active life could help manage the challenges that these individuals face.  
Research has shown that DS individuals possess low functional capacity because of poor 
physical fitness (Carmeli et al., 2004; Carmeli et al., 2002b and Pitetti et al., 1995). 
Consequently, Baynard et al. (2008) stated that it is important for persons with DS to 
maintain their functional status so that they can lead healthy and satisfying lives especially 
since life expectancy has increased in this population. This is even more important as 
functional performance has shown health-related content validity (Winnick and Short, 1999) 
in intellectually disabled individuals. 
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CHAPTER TWO 
DOWN SYNDROME  
 
A. Introduction  
A physician, John Langdon Down, first described the characteristic features of individuals 
with Down syndrome in 1866. Almost a century later, in 1959, a French Doctor, discovered 
that DS was caused by trisomy 21, a chromosome anomaly.  
Down syndrome is the most prevalent genetic condition associated with mental retardation. 
Worldwide, one in 700 children is born with Down syndrome (Pastore et al., 2000). There are 
more than 400 000 individuals with DS in the USA alone (National Down Syndrome Society, 
2010). Although 25% percent of all cases inherit the disorder from their fathers, mothers 
above the age of 35 present the highest risk (1 in 290) of having a Down syndrome child. 
This statistic increases to 1 in 150 at the age of 40 and presents an even more likely chance 
above the age of 45, namely 1 in 20 (Winnick, 2005). 
In the past, individuals with disabilities were treated differently, with patterns of neglect and 
limited acceptance (Wyznikiewicz-Nawracala, 2002). Today, the position of mentally 
retarded persons is protected by many declarations, the most important being the 
Declaration of the Rights of Mentally Retarded Persons (1971) and the Declaration of the 
Rights of Disabled Persons (1975). In 1995 an international conference was held in Warsaw, 
where the representatives of 239 countries emphasised that the rights of mentally retarded 
persons should be the same as any other citizen (Galkowski, 1997). Fortunately, individuals 
with disabilities are much more integrated into society than before, especially during the last 
decade (Wyznikiewicz-Nawracala, 2002).   
 
B. Causes and characteristics of DS 
Down syndrome results from one of three chromosome abnormalities of which trisomy 21 is 
the most common. Trisomy 21 occurs in 93 – 95% of all cases (Bittles et al., 2004) and is so 
named because of the presence of an extra number 21 chromosome. Therefore this 
individual has 47 chromosomes instead of the normal 46 (23 chromosomes from each 
parent). The second cause, responsible for 3 – 4% of DS cases (Bittles et al., 2004), is 
known as nondisjunction, which occurs when one pair of chromosomes fails to divide during 
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meiotic cell division, resulting in 24 chromosomes in one haploid cell and 22 in the other.  A 
third and rare cause of DS is translocation (1 – 3% of all cases), also referred to as 
mosaicism. This is the result of the combination of normal and extra chromosome 
distributions in each cell of the body. This happens when two chromosomes grow together, 
and emerge as one, but actually contain the genetic material of two chromosomes. 
There are a number of unique physical characteristics associated with DS individuals. Some 
are easily recognisable, whilst others are not. Common characteristics include: short stature, 
small nose with flat bridge, eyes slanted upward and outward, exaggerated folds of skin 
around eyes, short legs and arms in relation to torso, short neck, small low-set ears, small 
head and face, broad hands and feet, stubby fingers and toes (Winnick, 2005). 
Various clinical conditions are present in this population, of which the most significant is 
congenital heart disease (Winnick, 2005). Some report a prevalence of 40% (Winnick, 2005), 
while others found that 61% of DS individuals suffers from this condition (Abbag, 2006). 
Ventricular septal defect and atrioventricular septal defect are the most typical forms of this 
condition (Abbag, 2006). Mortality rates in DS are the highest among those with congenital 
anomalies, although surgery is a very useful intervention strategy (Abbag, 2006; Hijii et al., 
1997). DS individuals also have a greater risk of developing leukaemia and bowel defects 
requiring surgery, as well as respiratory infections (Winnick, 2005). Other common clinical 
symptoms include orthopaedic, neurological, cognitive, hormonal and visual-perceptual 
impairments (Lewis et al., 2005). 
Musculoskeletal problems, such as poor muscle tone (muscle hypotonicity), joint 
hypermobility and ligamentous laxity are frequently encountered (Lewis et al., 2005). All 
these conditions have the potential to negatively affect the balance ability of DS adults. 
Carmeli et al. (2002b) stated that especially the knee extensors and flexors, which stabilise 
and protect the knee during standing, walking, descending stairs or for the maintenance of 
balance, can potentially limit everyday activities. Furthermore, muscle weakness could lead 
to osteoporosis and reduced bone mineral density in DS individuals (Angelopoulou et al., 
2000) and due to their low muscle tone DS individuals are also at an increased risk for 
accruing hip dysplasia and foot pronation (Finesilver, 2002). 
Hypothyroidism comes about in the majority of DS children with thyroid dysfunction (Fujiura 
et al., 1997). By adulthood, approximately 40% of all people with DS will develop 
hypothyroidism (Smith, 2001). Some will develop side effects that result in a decrease in 
cognitive function causing many DS adults to be misdiagnosed with Alzheimer’s disease 
(AD) (Smith, 2001). Signs of hypothyroidism include fatigue, weakness, muscle cramps or 
5 
 
muscle aches, weight gain, or difficulty losing weight, cold intolerance, depression, irritability, 
and memory loss (Lewis et al., 2005).   
Adults with DS also present with high rates of obesity (Baynard et al., 2004; Pastore et al., 
2000; Rubin et al., 1998; Pitetti et al., 1995). Pitetti et al. (1995) and Bell et al.(1992) showed 
that DS individuals have a shorter stature, a higher percentage of body fat, and a greater 
body mass index (BMI) than age-matched peers, while Rubin et al. (1998) found that 45% 
men and 56% women with DS were overweight. When controlling for thyroid dysfunction, 
resting metabolic rate in obese DS individuals is not reduced, implying that when children 
with DS have low resting metabolic rates, it may predispose them to obesity as adults 
(Fernhall et al., 2005). The high incidence of obesity in DS individuals is mainly attributed to 
sedentary lifestyle (Dodd et al., 2005; Rimmer et al., 2004; Tsimaras et al., 2003; Carmeli et 
al., 2002b; Fernhall et al., 1996; Fernhall et al., 1993; Pitetti et al., 1993 and Pitetti et al., 
1991). The problem is exacerbated by the fact that adults with DS face considerable barriers 
to participation in health promotion programs (Heller et al., 2004). Some of these problems 
include the high cost of, or lack of transportation, difficulty accessing equipment and facilities 
and finding people to explain and demonstrate the exercises (Heller et al., 2002). 
Poor vision and audition have also been identified as major constraints in these individuals. 
Conductive hearing loss has been reported as high as 70% in adults with DS compared to 
8% in adults who are mentally challenged but without DS (Finesilver et al., 2002). The 
prevalence of visual impairment in adults with DS who are 65-74 years of age is 70%, 
compared to 6.5% in adults of the same age, but without DS (Kapell et al., 1998).  
Almost all DS adults who progress beyond the age of 40 develop Alzheimer’s disease 
(Shamas-Ud-Din, 2002), while depression occurs in approximately 30% of all adults with DS 
and is a common cause of decreased physical function (Finesilver et al., 2002). Other 
common symptoms of depression in DS include sleep and behaviour disturbances, apathy 
and weight change.  
Wang et al. (2002) also found that DS individuals have a significant delay in motor skills and 
balance development that persist through adulthood. This has been confirmed by Tsimaras 
et al. (2004) and Angelopoulou et al. (1999). Possible causal factors for these developmental 
delays include hypotonia, strength deficits and a small cerebellum and brain stem. 
Furthermore, strength deficits and hypotonia lead to poor standing balance which is also 
associated with increased risk of falling (Carmeli et al., 2003b).  
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C. Maximal and submaximal exercise capacity  
The physiological characteristics of the Down’s syndrome individual provide potential 
limitations and restrictions to both cardiovascular and resistance based exercise tolerance 
(Shields et al., 2008; Rimmer et al., 2004; Tsimaras et al., 2003; Varela et al., 2001; Millar et 
al., 1993), with heart abnormalities, poor skeletal muscle development and chronotropic 
incompetence (CI) being the primary constraints (Fernhall et al., 1996). Additionaly, Barnhart 
et al. (2007) found that lower lean muscle mass and higher incidences of obesity could also 
be contributory to the lower cardiovascular capacity of DS individuals. Recently hormonal 
factors have also been identified as possible physiological limitations to exercise (Fernhall et 
al., 2009 and Bricourt et al., 2008).  
 
1. Cardiovascular factors 
Winnick, (2005) found that 40% of DS individuals suffer from congestive heart failure. 
Moreover, numerous researchers have shown that individuals with intellectual disabilities 
have low aerobic capacities and low maximum heart rates (Guerra et al., 2003; Fernhall et 
al., 2002; Fernhall et al., 2000; Pitetti et al., 1993), while individuals with DS have even lower 
aerobic capacities and maximum heart rates than their ID peers (Baynard et al., 2004; 
Fernhall et al., 2001a; Fernhall et al., 1996; Millar et al., 1993; Pitetti et al., 1992a and 
Fernhall et al., 1989). In fact, DS individuals have a 30 beat/minute less than normal 
maximum heart rate compared to the general population (Fernhall et al., 2009; Fernhall et 
al., 2002; Fernhall et al., 2001a). When statistically controlling for peak heart rate, Fernhall et 
al. (1996) established that there is no change in peak VO2(volume of oxygen consumption). 
Therefore the inability to increase peak heart rate is probably the primary constraint to 
maximal exercise capacity in persons with ID (Guerra et al., 2003; Fernhall et al., 2001a; 
Fernhall et al., 2001b) and DS (Fernhall et al., 1996).  
The inability to adequately increase maximum heart rate is called CI and it has been 
reported that CI is related to mortality and morbidity in a non disabled population (Lauer et 
al., 1996). Initially it was thought that CI is only influenced by autonomic dysfunction 
(Fernhall et al., 2003; Fernhall et al., 2001b; Guerra et al., 2002). Fernhall et al. (2003) found 
greater parasympathetic activity and reduced sympathetic activity during an isometric 
handgrip test and a cold pressor test in DS individuals compared to control and concluded 
that altered autonomic control influences maximum heart rate in DS individuals. Figueroa et 
al. (2005) reiterated these findings and showed that DS individuals have a low heart rate and 
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blood pressure and that a decrease in parasympathetic tone is slower during handgrip 
testing. They explained this phenomenon as blunted vagal withdrawal.  
Barnhart and Connolly (2007) suggested that similar to healthy individuals the peak oxygen 
uptake can be expected to decrease as people with DS age, which could exacerbate their 
inability to perform activities of daily living and light work duties. Contrary and fascinatingly, 
Baynard et al. (2008) found that VO2 peak did not decline with age in persons with DS. They 
performed a 20 year review in which age-related changes in aerobic capacity in individuals 
with ID was studied. Data was collected from research laboratories using 180 persons with 
ID and without DS, 133 persons with ID and with DS, and 322 persons without disabilities in 
four age categories: 9-15, 16-21, 22-29, and 30-45 years. The study showed that relative 
VO2 peak was lowest for persons with DS across all age groups. In fact, the mean VO2 peak 
of adolescents and adults with DS was equivalent to what is typically recorded for 60 year 
old individuals with heart disease. VO2 peak did not change after 16 years in the individuals 
with DS, whereas other groups exhibited a slight decline (10 ml.kg-1.min-1) with age 
(P<0.001). Perhaps, due to their low physical activity levels from a young age, further 
reduction in physical activity did not manifest in an age associated reduction in VO2 peak, 
hence the plateau. Peak heart rate was, however, different across all three groups, with the 
youngest group having the highest peak heart rate (P<0.0001). The authors therefore 
concluded that individuals with ID without DS show a similar age related decline in peak VO2 
and peak heart rate and those individuals with ID and DS only show similar peak heart rate 
declines across age groups.   
 
2.  Hormonal factors 
Bricourt et al. (2008) investigated whether hormonal responses could explain exercise 
limitations in young men with DS. At rest, DS individuals showed slightly higher 
catecholamine, insulin and leptin values (P>0.05), but lower testosterone and cortisol levels 
(P<0.01) compared to controls of similar age. During submaximal exercise there were no 
changes in catecholamines and cortisol levels, whereas insulin concentrations of DS 
individuals were significantly higher (P<0.01) compared to controls. They also reported lower 
blood glucose levels and maximal fat oxidation rates in DS individuals, but higher non-
esterified fatty acid concentrations compared to controls. These hormonal changes were 
accompanied by lower VO2 values during exercise in DS individuals. They concluded that 
DS individuals have an altered hormonal response to exercise and that this endocrine profile 
at rest and during exercise may limit endurance performance in DS individuals.  
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Fernhall et al. (2009) found similar lower catecholamine concentrations in DS individuals 
during maximal exercise compared to controls. Although they previously reported that the 
reduced heart rate and blood pressure responses to sympathetic stimulation in individuals 
with DS is caused by blunted vagal withdrawal and reduced sympathoexcitation (Figueroa et 
al., 2005; Fernhall et al., 2005; Fernhall et al., 2003), they subsequently argued that these 
mechanisms may only explain the initial low heart rate response with exercise, but that 
sympathetic dysfunction through altered catecholamine responsiveness explains the lower 
heart rate (HR) during more intense exercise. This conclusion is supported by the positive 
relationship between catecholamine concentrations, peak HR and peak VO2.  
 
D. Effect of training on exercise capacity 
1.  Cardiovascular training 
It is known that aerobic conditioning is beneficial in the prevention, delayed onset, and the 
management of cardiovascular disease, diabetes, and obesity in populations without DS 
(American College of Sports Medicine [ACSM], 2007). Since all these risk factors are 
prominent in DS individuals, many researchers have explored the extent to which the 
aerobic capacity of DS individuals can be improved through cardiovascular training. Dodd 
(2005) reviewed four studies in which DS individuals followed an intervention program to 
improve cardiovascular fitness. These studies conformed to the ACSM guidelines where the 
exercise sessions lasted 20 to 60 minutes, were performed 3 to 7 times each week, at an 
intensity of 55 to 90% of peak heart rate or 40 to 85% of maximum oxygen uptake reserve. 
The review offers counter arguments that health concerns are a reason why adults with DS 
should not take part in physical fitness (Frey et al., 2005). 
Millar et al. (1993) trained adolescents with DS (14 experimental and 4 control), 3 times a 
week for 10 weeks. Sessions consisted of 10 minutes warm up, 30 minutes brisk 
walking/jogging and 10 minute cool down at an exercise intensity of 65 – 75% max heart 
rate. The researchers found no change in peak VO2 for both the control and experimental 
group. However, significant differences were established in work performance with reference 
to treadmill time. They acknowledged that participants did not always sustain the necessary 
exercise pace to keep heart rates at given intensities. The lack of change in peak VO2 may 
be related to non-adherence to the prescribed training intensities by individuals or it is 
possible that a 10-week exercise program may not be sufficient to improve the 
cardiovascular fitness profiles of DS adults (Pitetti et al., 1993). 
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Varela et al. (2001) reported similar results following a 16 week rowing training program in 
16 individuals with DS. There were no changes in VO2 peak, but work performance was 
significantly improved. In both studies, the small sample sizes could explain the non-
significant results for VO2 peak, while non-weight bearing activities such as rowing will also 
result in lower energy expenditures. Also, subjects did not receive any positive 
reinforcements during the exercise program. 
In contrast, Rimmer et al. (2004) and Tsimaras et al. (2003) found significant improvements 
in cardiovascular fitness (14.1% in VO2 peak and 27% in maximum workload), as well as 
time to exhaustion, in DS individuals following a 12 week aerobic program. Rimmer et al. 
(2004) included 15 minutes of strength training in their intervention and found additionally a 
39% increase in lower body strength and 43% increase in upper body strength. 
Collectively, meta-analyses found that cardiovascular training programs were effective in 
increasing the maximum workload achieved (d [effect size] = 0.96; 95%CI, 0.44-1.47), the 
time to exhaustion (d= 0.72; 95% CI, 0.29-1.15), VO2 peak (d= 0.75; 95% CI, 0.34-1.15), and 
peak minute ventilation (VE) (d= 0.71; 95%CI, 0.15-1.28) in DS individuals. Improved levels 
of fitness were found for different exercise modalities such as jogging, cycling and rowing. 
Large effect sizes were reported for both work performance outcomes. Time to exhaustion 
showed an improvement of over 20% indicating an increased exercise time of up to 3.4 
minutes. As pointed out by Graham and Reid (2000) and Varela et al. (2001) this increased 
level in work performance could contribute to a better ability to perform work, recreate, 
perform self care activities and improve quality of health, as well as lower health risks such 
as cardiovascular disease in DS individuals. No participants withdrew from the study and no 
problems were reported in any of the studies, suggesting that cardiovascular exercise 
programs are effective and safe for DS individuals. The study by Rimmer et al. (2004) 
showed that a combination of progressive resistance and aerobic exercise may have a 
larger impact on cardiovascular fitness than aerobic exercise alone. This is supported by the 
findings of Pitetti et al. (1993) who found that there is a strong correlation between VO2 peak 
and leg strength in people with DS. Resistance based exercise, especially of the lower limbs, 
may thus provide the individual with a better capacity to use his/her legs during running or 
cycling. What is also interesting in Dodd’s review is that the peak VO2 of the four studies 
improved by 1% to 20%. The expected change according to the ACSM for people without 
disabilities is 10% to 15%. As such, some individuals with DS only appear to improve their 
VO2 peak marginally while others appear to improve equally or greater than the normal 
population. Similar findings were observed in a study by Bricourt et al. (2008) with VO2 peak 
values ranging from 23.3-60.3 ml.kg-1.min-1 in a physically active group. Perhaps the small 
change seen in some DS individuals could be attributed to the many physiological barriers 
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they face such as heart abnormalities, skeletal muscle hypotonia, joint hypermobility and 
chronotropic incompetence. The latter influences cardiac output which would limit the ability 
to increase VO2 peak (Fernhall et al., 1996). 
 
2.  Strength training 
It has been shown that people with DS have reduced muscle strength compared with their 
peers without disability and also those with intellectual disability, but without DS (Croce et 
al., 1996; Pitetti et al., 1992b). Importantly, muscle weakness can lead to osteoporosis and 
reduced bone mineral density in DS individuals (Angelopoulou et al., 2000). Furthermore, 
sufficient leg strength of institutionalised individuals with DS is essential to permit functional 
independence for activities such as walking, maintaining balance when standing or changing 
direction (Carmeli et al., 2002b). Muscle weakness of the lower limbs and poor standing 
balance are also associated with an increased risk of falling. It is also known that DS 
individuals have poor balance and coordination (Rimmer et al., 2004) and it is thus important 
to improve leg strength and gait. Logically, decreased physical strength would negatively 
impact their ability in an environment where DS individuals are increasingly integrated into 
society (Wyznikiewicz-Nawracala, 2002). And indeed muscular strength and endurance are 
very important for the disabled because of the commonly known positive relationship 
between health and work performance as well as independence (Wyznikiewicz-Nawracala, 
2002). Therefore muscle strength needs to be maintained or improved in this population in 
order to remain functionally active with ageing (Barnhart et al., 2007). 
Carmeli et al. (2002b) studied the effects of a 25 week treadmill walking program on muscle 
strength and balance in elderly people with DS. The walking group included 16 DS adults 
(mean age 63.5) and the non walking control group included 10 adults (mean age 63.3). The 
DS adults significantly improved muscle strength and balance, walking duration (+150%), 
walking speed (+86%), and walking distance (+180%). Furthermore, isokinetic measures, 
including mean peak torque, peak torque (% Body weight [BW]), and power (%BW) of 
quadriceps and hamstring muscles also improved significantly (p<0.05). In addition, the 
walking program also significantly improved dynamic balance (as measured by the timed 
get-up and go test) compared with the prewalking status. This is of particular importance as 
Pitetti et al. (1992b) suggested that sufficient leg strength is essential in those with DS to aid 
functional independence for activities of daily living and instrumental activities (such as 
lifting, gardening and cleaning). Furthermore, the results of this study are very unique in that 
the relationship between individual muscle and balance performance measurements were 
reported rather than a comparison of nonactive and active older adults with DS.   
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Tsimaras and Fotiadou (2004) also found positive results in their study of 25 men with DS 
(mean age = 24.5 years). Significant improvements (P<0.01) in isokinetic peak torque and 
isokinetic endurance of the lower extremities and dynamic balance were observed after a 12 
week training program consisting of dynamic balance and plyometric exercises.      
Shields et al. (2008) determined whether progressive resistance training improved muscle 
strength, muscle endurance and physical function in 20 DS adults. They found a practically 
significant improvement in chest press endurance and also a trend towards an increase in 
upper limb strength (d = 0.76- 0.90). The authors stated that upper limb endurance may be 
extremely relevant in DS adults whose labour related employment depend almost solely on 
physical work. No changes in lower-limb strength was observed but the researchers 
observed that the lower limb values at baseline were much higher than the upper limb 
endurance values, thus a 10 week intervention was probably not enough to cause significant 
improvements. The authors concluded that resistance training is a safe and feasible option 
that can improve upper-limb muscle strength.  
A further advantage in the potential to increase muscle strength in individuals with DS, is that 
it also leads to improvements in aerobic capacity. Pitetti and Boneh (1995) found significant 
correlations between VO2 peak and leg strength in adults with intellectual disability and the 
strongest relationship between these variables for subjects with DS. They concluded that 
weak leg strength is possibly a major limiting factor in the aerobic capacity of this population. 
This was confirmed by Rimmer et al. (2004) who found that DS individuals with the greatest 
leg strength had the highest peak VO2 values. Thus, skeletal muscle weakness may be an 
important contributing factor to the lower oxygen consumption during maximal treadmill and 
cycle exercises observed in individuals with DS (Lewis et al., 2005). Furthermore, muscular 
fatigue may occur before the cardiovascular system is maximally stressed, although a 
treadmill/cycle test is designed to examine the maximal performance of the cardiovascular 
system rather than the skeletal muscle system. It is therefore possible that the maximal 
exercise capacity of DS adults is underestimated, because a maximal test may not 
necessarily stress these subjects to their cardiovascular limits. The strong correlation 
between muscle strength and VO2 peak suggest that a combined strength training and 
aerobic conditioning program would be more effective in enhancing cardiovascular function 
in individuals with DS than aerobic training alone. This was confirmed by Lewis et al. (2005) 
and Rimmer et al. (2004) who found significant improvements in work capacity and 
cardiopulmonary function in DS individuals after a combined aerobic and resistance 
program. 
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3.  Balance training 
In 2002b, Carmeli et al. found that aged adults with DS can significantly improve muscle 
strength and dynamic balance by adopting suitable programs of treadmill walking. However, 
a year later, these researchers (Carmeli et al., 2003a) could not repeat these findings using 
an intervention of treadmill training and ball exercises in adults with ID. The participants only 
improved their performance in two of five balance tests. They speculated that either the 
small sample size or the non-compliance of two individuals to the training program may have 
influenced the results. 
Wang and Ju (2002) investigated balance and jumping performance in 20 DS children (3 to 
6 years). Thirty children without DS acted as the comparison group. Subjects with DS 
completed 3 sessions of jump training per week for 6 weeks, while the children without DS 
were the controls. Both balance and jumping skills were significantly better in the DS 
children and it was concluded that DS children have the ability to improve balance and 
jumping skills. These findings were confirmed by Tsimaras et al. (2004) who studied the 
effects of training on quadriceps femoris and hamstring muscle strength and dynamic 
balance in a DS population. Dynamic balance was measured using a balance deck and 
determined by a stabilometer in 30-, 45-, and 60- second intervals. The exercise group 
performed 15- to 20- minute training periods consisting of dynamic balance activities and 
plyometric exercises with and without resistance. This group showed a significant 
improvement in dynamic balance (30 seconds: P<0.01; 45 seconds: P<0.001; 60 seconds: 
P<0.01).  
Lewis et al. (2005) performed a case study on a child with DS and applied a similar 
combined aerobic and strength training regime as Rimmer et al. (2004). The study was 
performed on a 10.5 year old girl with DS. Not only was gains in cardiovascular and strength 
variables observed, but the program successfully improved her balance, coordination, and 
power in gross motor tasks.  
 
E. Exercise and mental health 
Most studies have focussed on exercise training and fitness related variables, with only a 
few studying the impact of physical activity on the psychosocial well being of adults with 
intellectual disabilities. 
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In 2004, Heller et al. examined the attitudinal and psychosocial outcomes of a fitness and 
health education program in adults with DS. The exercise group participated in a 12-week, 3 
days per week, exercise and health education program. The program was 2 hours in 
duration where 1 hour was set aside for exercise and the other for health education. The 
fitness component included 30 to 35 minutes of cardiovascular exercise and 15 minutes of 
muscle strength and endurance training. The education program was designed to help 
participants with developmental disabilities understand the benefits of health promoting 
behaviours specific to their lifestyles, increase self efficacy in performing exercise, and to 
develop health promotion goals and action plans derived from their personal preferences. 
Initially participants reported that they lacked energy, were too lazy to exercise, were 
concerned about their health, and felt that exercise was boring and too difficult. After the 
intervention program the training group showed significant changes in attitudes towards 
exercise, including increased exercise self-efficacy, more positive expected outcomes, fewer 
cognitive-emotional barriers, improved life satisfaction, and marginally lower depression. 
Furthermore, at baseline many participants did not feel that they had the ability to perform 
exercises, not to mention increasing their muscle mass, flexibility and fitness. Surely, with 
these and other perceptions altered, as was found with the training group, DS individuals 
would be better equipped psychologically to successfully conform to a structured exercise 
program. The training group was inspired through individualised instruction, positive 
feedback and the use of photographs and videotapes of themselves that contributed 
immensely to the idea that performance enhancement was definitely a possible outcome. 
The study of Carmeli et al. (2005) supports this view, as they also found positive 
relationships between balance, muscle strength, well being and physical training. 
 
F. Increased life expectancy and increased age associated diseases 
There has been a consistent trend toward an increased life expectancy in almost all 
developed and developing countries throughout the 20th century (Bittles et al., 2002). The 
investigators reported median life expectancies of 74.0, 67.6, and 58.6 years for people with 
mild, moderate, and severe levels of mental handicap. Carmeli et al. (2002b) regard the 
evolution of medical technology and improvements in the quality of social and health care as 
major reasons for the increased life expectancy amongst people with ID. The number of 
people over the age of 60 years with lifelong developmental delays is predicted to double by 
2030 (Barnhart and Connolly, 2007). This is also the case for DS individuals as 80% of this 
population lives past 30 years of age (Goodman et al., 1998). In fact, life expectancy for DS 
individuals has been increasing from an average age of 9 years in 1929, to 12 years in 1949, 
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35 years in 1982, and currently to 55 years (Bittles et al., 2004; Carmeli et al., 2004). Torr et 
al. (2010) also found that the life expectancy of DS individuals increased vastly in the last 
three decades, which have led to an increased amount of DS adults living well into middle 
and old age.  
Unfortunately, increasing age brings forth age associated health problems. Carmeli et al. 
(2005) stated that increased life expectancy in the intellectually disabled population relates 
to an increase in the incidence of aging disease and functional debility. Moreover, adults with 
intellectual disability tend to demonstrate premature signs of aging, characterised by 
changes in body composition, functional decline and increased morbidity (Carmeli et al., 
2004). In the DS population, the incidence of age related diseases, such as Alzheimer’s and 
diabetes, increase after the age of 30 or 35 (Folin et al., 2003 and Krinsky et al., 2002). 
Shamas-Ud-Din (2002) stated that almost all DS individuals who progress beyond 40 years 
develop Alzheimer’s disease. In combination with other health related problems these 
setbacks are further exacerbated as most individuals with DS live sedentary lifestyles 
(Fernhall et al., 1996; Fernhall et al., 1993; Pitetti et al., 1993 and Pitetti et al., 1991). The 
ability to enjoy a mobile, active and independent lifestyle later in life depends largely on how 
well individuals maintain their personal fitness level, as most of the age related physical 
decline is preventable and reversible through proper attention to daily physical needs (Rikli 
and Jones, 2001).  
In a longitudinal study by Connolly et al. (1993) it was found that DS children who 
experienced an early intervention (EI) program with respect to intellectual and adaptive 
functioning do not show the decline typically seen in DS children who do not receive an EI 
program. The EI group’s motor functioning was compared with that of a normative sample 
used in the development of the Bruininks-Oseretsky Test of Motor Profiency, while the 
cognitive and adaptive skills of the EI group were compared with those of the control group. 
The EI group was below their chronological age levels in gross and fine motor skills and 
areas of deficits included visual motor coordination, running speed, balance, and reaction 
time. However, the EI subjects performed significantly better on measures of intellectual and 
adaptive function compared to controls. 
 
G. Conclusion 
The literature therefore suggests that, contrary to popular belief, individuals with ID with and 
without DS do have the potential to improve their physical capabilities with cardiovascular, 
strength and balance training programmes and allow these individuals the possibilities of 
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participation in exercise and recreational activities, as well as the participation in the social 
and work sectors. Regular exercise would not only improve their functional independence, 
but more importantly, help them on their way to positive well-being. Moreover, exercise 
programs do appear to have positive health outcomes for adults with DS, thereby providing a 
more sought after health status and quality of life in later years (Barnhart and Connolly, 
2007).  
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CHAPTER THREE 
FUNCTIONAL CAPACITY 
 
A. Introduction 
According to Millan-Calenti et al. (2010) functional capacity is the ability to carry out daily 
activities in a normal or accepted way. For all people, including the elderly it is important to 
perform activities of daily living as functionally as possible and not depend on others. Rikli et 
al. (2001) suggested that a quality life depends to a large extent on the ability to do the 
things we want to do, without pain or discomfort, for as long as possible. Being able to 
perform daily activities freely and independently provide joy, self esteem and a better 
lifestyle. Especially with age or disability, it is helpful to have adequate strength, flexibility, 
mobility and endurance to execute essential tasks efficiently and effortlessly (Rikli et al., 
2001). Millan-Calenti et al. (2010) provided evidence that the maintenance of functional 
capacity is of utmost importance to the health of the elderly, and that major deterioration 
would lead to increased mortality and morbidity. Invariably this would lead to increased 
dependency on others which would negatively impact the individual and immediate family 
and also place additional strain on the health care systems.  
In many clinical and research environments functional capacity provides important diagnostic 
and prognostic information (Arena et al., 2007). Traditionally, the usefulness of therapeutic 
interventions in patients with heart disease was measured with outcome measures such as 
mortality and myocardial infarction (Hlatky et al., 1989). Nowadays, however, the estimation 
of functional capacity affords a more successful, yet a less extreme outcome measure to 
evaluate the effectiveness of pharmacological and non-pharmacological treatments (Fleg et 
al., 2000). Functional capacity as an outcome measure therefore provides health 
professionals the opportunity to diagnose possible diseases early and present patients the 
opportunity to participate in appropriate intervention programs without undue risk. 
It is challenging to measure functional capacity directly, because successful performance in 
one’s daily tasks is difficult to assess and quantify functionally in an appropriate manner 
(Reiman et al., 2009). However, it has been established that physical fitness is directly 
associated with functional capacity (Singh et al., 2006; Brill, 2004; Rikli et al., 2001; Morey et 
al., 1998). For instance, Arena et al. (2007) found that functional capacity is associated with 
the ability to perform activities of everyday life that requires a sustained aerobic metabolism. 
Specifically, they referred to the integrated efforts of the pulmonary, cardiovascular, and 
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skeletal muscle systems that ultimately determine an individual’s functional capacity. They 
also proposed that functional capacity is synonymous with exercise capacity or exercise 
tolerance.  
Brill (2004) and Rikli et al. (2001) inferred that it is imperative to study the extent to which 
various components of physical fitness contributes to function. They stated that the ability to 
perform common tasks such as shopping, household chores and gardening require the 
ability to perform various functions including walking, stair climbing and pushing. In turn, 
these functions require physical characteristics such as muscular strength, aerobic 
endurance, flexibility and balance. 
 
B. The relationship between physical fitness and functional capacity 
Morey et al. (1998) performed a study on 161 older adults and determined how physical 
components are related to functional capacity. Cardiorespiratory fitness, morphologic factors 
and muscular performance were included as measures of physical fitness. Cardiorespiratory 
fitness was measured by a VO2maxtest. Morphological factors such as cervical range of 
motion, cervical rotation, functional axial rotation and shoulder flexion were included. 
Muscular performance was measured as ankle dorsiflexion strength and hip abduction 
strength. Functional limitations included five indicator variables, of which one was a 
performance test and the other four were self-reported. The first test was recorded as the 
time it took to move from a supine to a standing position. Participants also completed the 
physical function scale, the falls efficacy scale, five questions on instrumental activities of 
daily living and 3 of 6 items identified by Rosow and Breslau (1966) which constitute a self-
report of advanced activities of daily living. The authors controlled for age, race, sex, 
education, depression and BMI and found that all three physical components were 
significantly related to functional limitations (p<0.05). In fact, they postulated that functional 
limitations are considered primary mediators from disease to disability. This was the first 
study to examine the influence of a broad range of components on function and it was 
concluded that low fitness is a definite risk factor for functional decline.  
Singh et al. (2006) determined the cross sectional relationship between physical fitness 
components and functional performance in 226 elderly persons. The aim of this study was to 
understand how to preserve physical function and quality of life. If the physical functions that 
predict functional limitations can be identified, they can perhaps be used to modify a 
person’s current functional capacity status. They obtained general information such as 
demographics and lifestyle traits. Additionally, anthropometry and various physical fitness 
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measures such as balance, muscle strength, coordination and flexibility were included in the 
analysis. In men, motor coordination (eye-hand coordination) and measures of strength were 
the main contributors to functional capacity, whereas in women flexibility and motor 
coordination (tandem stance and eye-hand coordination) contributed most strongly to 
functional capacity. They concluded that men and women need different exercise programs 
in order to improve their specific functional limitations. A limitation of this study was that 
aerobic capacity was not measured, while it is recognised by many researchers that basic 
endurance is an essential component of functional capacity (Cowley et al., 2010; Arena et 
al., 2007; Morey et al., 1998). 
Cowley et al. (2010) performed a study on 35 young DS adults and determined whether 
physical fitness predicts timed performance of functional tasks. Cowley et al. (2010) argued 
that identifying predictors of function is very important (especially if they are variables of 
physical fitness), because they can be used to modify the ability to perform functional tasks. 
They reiterated that this is even more important in populations that might be prone to loss of 
function because of poor physical fitness. Subjects performed two physical tests namely, 
knee extensor and flexor strength and a maximal aerobic test. They also performed three 
functional tasks of daily living (chair rise, stair ascent and descent, and gait speed). Knee 
extensor strength and aerobic capacity best predicted the performance of functional tasks. 
These findings are very important, because it has already been established that DS 
individuals have very low aerobic and strength capacities and that these physical limitations 
negatively influence the ability of these individuals to successfully manage daily tasks.  
Pitetti et al. (1992b) determined the isokinetic arm and leg strength of DS adults compared to 
individuals with ID and a non- DS and -ID group. Both DS and ID individuals had significantly 
lower arm and leg strength compared to the non- DS and -ID group. Furthermore, the DS 
group had lower leg strength compared to the ID group. These findings are also practically 
relevant as leg strength of DS individuals is essential to permit functional independence for 
daily living activities and as such DS individuals should partake in basic, but necessary 
exercise interventions.   
 
C. Physical fitness and functional capacity and its relationship to health  
In 1996 the United States (U.S) Department of Health and Human Services published the 
Surgeon General’s Report on Physical Activity and Health. Some of the conclusions in this 
report states that: (1) significant health benefits can be obtained by including a reasonable 
amount of physical activity on most, if not all, days of the week; (2) more health benefits can 
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be obtained through greater amounts of physical activity; (3) physical activity decreases the 
risk of premature mortality in general, and of coronary artery disease, hypertension, colon 
cancer, and diabetes mellitus in particular and (4) physical activity also improves mental 
health and is important for the health of the muscles, bones and joints.   
In 1998 the ACSM also recognised that physical inactivity is a fast-growing public health 
problem in the U.S and that it contributes to a variety of chronic diseases and health 
complications, including obesity, coronary artery disease, diabetes, high blood pressure, 
cancer, depression and anxiety, arthritis and osteoporosis. However, in addition to improving 
a patient’s overall health, increasing physical activity has proven effective in the treatment 
and prevention of chronic disease. Thus, assessing, monitoring and improving individuals’ 
physical fitness for health related outcomes are important if the state of a nation’s health and 
the resultant burden on health services and medical costs were to be improved.  
Winnick and Short (1999) studied how physical fitness tests, in a population with disabilities, 
could relate to health. In association with Project Target, they produced “The Brockport 
Physical Fitness Test Manual”. The Brockport Physical Fitness Test (BPFT) is a health 
related, criterion-referenced test of fitness for youths with physical and mental disabilities. 
The term health-related is used to differentiate this test battery from one that might be more 
suitable to athletic populations. The term criterion-referenced refers to values that purports to 
measured values that have some significance for an individual’s health. The BPFT 
distinguishes health in two ways: (1) Physiological health is related to the organic well-being 
of the individual. Examples are well being, absence of a disease or a condition or the low 
risk of developing a disease or a condition; (2) Functional health is related to the physical 
abilities of an individual. Examples of functional health include the ability to perform 
functional tasks independently and the ability to independently sustain the performance of 
those tasks. These include the ability to perform activities of daily living, ability to sustain 
physical activity and the ability to participate in leisure activities. They defined health-related 
physical fitness as “those components of fitness that are affected by habitual physical activity 
and relate to health status.” It is defined as “a state characterized by (a) an ability to perform 
and sustain daily activities and (b) demonstration of traits or capacities that are associated 
with a low risk of premature development of diseases and conditions related to movement”.  
The BPFT consists of 27 items categorized under three components namely aerobic 
functioning, body composition and musculoskeletal functioning. 
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a.  Aerobic functioning 
Aerobic functioning refers to the ability to maintain large muscle, dynamic, moderate to high 
intensity activity for long periods of time. This component requires an interrelated efficiency 
of the heart, lungs, blood, and muscle tissue for optimal energy production and consumption. 
Aerobic performance is perhaps one of the most influential factors of health related fitness 
because it is clearly related to both functional and physiological aspects of health (Winnick 
and Short, 1999). Moreover, adequate levels of aerobic functioning facilitates the continued 
ability to work and recreate, and it may reduce the risk of developing certain diseases and 
conditions such as high blood pressure, coronary heart disease, obesity, diabetes, and some 
forms of cancer. These statements are supported by Keteyian (2008), Arena et al. (2007) 
and Fleg (2000). They advise that all individuals should participate in moderate aerobic 
exercise regularly in order to gain optimum health benefits. 
 
b. Body composition 
Body composition is the component that relates to the degree of leanness or fatness of the 
body. This component has implications for both functional and physiological health. When fat 
levels are too high, the ability to lift or move the body is negatively affected. Obesity has also 
been associated with an increased risk of diabetes, coronary heart disease, high blood 
pressure, arthritis, and mortality (U.S Department of Health and Human Services, 1996).   
 
c.  Musculoskeletal functioning  
Musculoskeletal function includes three physical fitness parameters, namely muscular 
strength, muscular endurance, and flexibility. Winnick et al. (1999) argued that these 
parameters are essential to maintain good posture, live independently, and participate in 
recreational activities. In the BPFT, the bench press, dumbbell press, extended arm hang, 
flexed arm hang, dominant grip strength, isometric push-up, push-up, modified pull-up, pull-
up, curl-up, modified curl-up, and trunk lift are included as measures of musculoskeletal 
functioning. The development of abdominal muscular strength and endurance can reduce 
the risk of developing low back pain, while the development of upper body muscular strength 
and endurance can improve the ability to perform daily tasks that require lifting, carrying, 
pulling or pushing objects (Winnick et al., 1999). Moreover, sufficient strength and 
endurance of the trunk, shoulders, arms, and hands are necessary to independently perform 
and sustain daily activities. 
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With reference to flexibility, the sit-and-reach test is included in the BPFT battery in response 
to the health-related concern of low back pain. The shoulder stretch test require shoulder 
flexion in combination with external rotation and shoulder abduction, an action believed to be 
critical for many activities of daily living (for example combing your hair and reaching for an 
object) and, therefore, functional health. Alter (2004) also provided evidence that adequate 
flexibility reliefs muscle soreness and cramps, prevents injury and provides relaxation to 
stressed and tense muscles. 
Malmberg et al. (2002) determined the health related content validity of 6 health related 
fitness and 3 functional performance tests among middle aged and older adults. Their 
sample consisted of 501 men and 632 women aged 55 to 79 years. Strong correlations were 
found between cardiorespiratory and musculoskeletal fitness and the health related and 
functional performance tests. Furthermore their study also showed that functional 
performance tests and health–related fitness showed health-related content validity. They 
suggested that physical activity should be targeted as a means to intervene those with 
declining health and function.  
 
D. Functional fitness versus physical fitness 
Many researchers have opted to use the phrase functional fitness in non-athletic populations 
to incorporate terms such as health and functional capacity (Brill, 2004; Rikli et al., 2001). 
This is usually the case for elderly and disabled populations but also in populations with 
chronic medical conditions. It could be argued that these special populations need a certain 
measure of fitness that would enhance health and functional abilities, but which is not similar 
to the high levels of physical fitness expected of athletic populations. 
Rikli and Jones (2001) defined functional fitness as “having the physical capacity to perform 
normal everyday activities safely and independently without undue fatigue”. Following an 
extensive epidemiological study where the functional fitness capacity of elderly adults was 
tested they concluded it is possible to live a mobile, active, healthy, and independent lifestyle 
if personal fitness levels are maintained. This study culminated in the Senior Fitness Manual, 
a test battery consisting of strength, endurance, flexibility and mobility items. Singh et al. 
(2006) and Brill (2004) added that balance and coordination are also very important factors 
of functional capacity.   
Collectively, functional fitness refers to the full range of physical qualities, i.e. 
cardiorespiratory fitness, muscular strength, balance, coordination and flexibility. Thus 
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functional fitness describes the integrated efforts of the musculoskeletal, cardiorespiratory, 
circulatory and endocrine-metabolic systems and structures of the body. Although high 
levels of functional fitness is not essential in vulnerable populations such as the elderly and 
persons with disabilities, a complete lack of functional fitness limits a person’s ability to 
function independently and perform tasks of daily living. Consequently, functional ability is 
very much dependent on functional fitness.   
 
E. Populations at risk to develop low functional capacity 
1.  The elderly 
Sulander et al. (2006) studied the functional capacity amongst elderly people and the trends 
in functional capacity related to gender, age and education. They focussed on basic 
activities of daily living (BADL) such as dressing, bathing and eating. They found that elderly 
men and women had poor functional capacity especially the oldest categories (80-84 years). 
Functional capacity decreased with a clear downward trend across age groups. They also 
found differences in functional capacity amongst those with dissimilar education 
backgrounds. Those with poor educational background consistently presented with poorer 
functional capacity.  
 
Chalise et al. (2007) studied activities of daily living (ADL) such as dressing, eating and 
bathing and instrumental activities of daily living (IADL) such as shopping, housework and 
gardening, in a population of 65 years and older (n=195). Of these, 12.8% had an ADL 
disability and 36.8% an IADL disability. The authors concluded that, with increasing age, 
health and functional status declines, physical and cognitive abilities decrease and the 
number of chronic diseases and the extent of disability in performing daily activities increase. 
The authors emphasised that the maintenance of functional capacity is crucial for successful 
aging. 
Similarly, Millan-Calenti et al. (2010) performed a study on 598 individuals older than 65 
years of age and specifically studied the prevalence of functional disability in ADL and IADL, 
as well as its relationship to mortality and morbidity. 34.6% of the participants were 
depended on someone else for at least one ADL and 53.5% in the case of IADL. Functional 
dependence also correlated significantly with the number of visits to the doctor, days spent 
in hospital, and illnesses such as dementia. Advanced age and female gender were 
specifically identified as contributing factors that led to the development of poor functional 
capacity and eventual disability.  
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Other researchers have also identified the elderly as a population with low functional 
capacity due to a variety of reasons. Problems with daily activities (Rikli et al., 2001), weight 
control (Sternfeld et al., 2002), the maintenance of fitness levels (Morey et al., 1998), chronic 
conditions (Arena et al., 2007) and dependency (Singh et al., 2006) have all been shown to 
contribute to a lower functional capacity. 
 
2. Chronic diseases 
Clinical studies have shown that the majority of individuals with chronic heart disease have 
low functional capacity (Bocalini et al., 2008; Arena et al., 2007; Belardinelli et al., 2005, 
1997). Heart failure is characterised by the inability to increase oxygen supply adequately to 
skeletal muscles (Belardinelli et al., 1997). Practically, this illness causes impairment of 
functional capacity, physical performance, and the ability to perform daily activities and 
consequently affects quality of life (Bocalini et al., 2008). Brill (2004) not only found low 
functional capacity in people with heart disease, but also in other chronic conditions such as 
arthritis, diabetes, hypertension, Parkinson’s disease, stroke, low back pain, osteoporosis, 
and those with hip fractures. Brill (2004) stated that most people over the age of 65 years 
have at least one chronic health condition which in most cases impairs function and well 
being. Fang et al. (2005) and Costigan et al. (2010) also reported low functional capacities in 
individuals with type 2 diabetes and chronic fatigue syndrome.  
Oeser et al. (2005) showed that obesity is an independent contributor to impaired functional 
capacity. They tested 100 people (33 with a normal BMI, 28 were overweight and 39 were 
obese) and determined the relationship between BMI, functional capacity and measures of 
fatigue. Specifically, they demonstrated that obese patients had worse functional capacity 
and showed more signs of fatigue, than individuals with normal BMI. They suggested that 
weight loss may improve functional capacity and decrease cardiovascular risk factors.  
 
3.  Physical and intellectual disabilities 
The Americans with Disabilities Act (ADA) defines disability as “a physical or mental 
impairment that substantially limits one or more of the major life activities”. Rimmer et al. 
(1996) stated that a disability may be classified as any type of disorder that limits a person’s 
ability to perform a normal daily routine. For example, a person with asthma may find it 
difficult to perform activities in a physical education class or someone with muscle dystrophy 
may find it difficult to brush teeth or pick up objects. What makes this definition very unique 
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is its significance from a functional performance perspective as it influences ADL and IADL. 
This is also relevant to functional performance since Millan-Calenti et al. (2010) referred to 
functional capacity as the ability to carry out daily activities in a normal or accepted way.  
Rimmer et al. (1996) observed that habitual physical activity is a missing component in the 
lives of most people who have a physical or mental disability. They also proposed various 
explanations why physical activity is often absent in a population with disability. Firstly, a lack 
of knowledge concerning the importance of exercise to healthy living, secondly limited 
access to transportation to and from the exercise site, thirdly inaccessible facilities and 
equipment, and lastly a perception by some individuals that they cannot exercise. 
Furthermore, the medical profession’s lack of enthusiasm in prescribing exercise to their 
patients worsens the situation. Winnick and Short (1999) added that a lack of motivation, 
fewer opportunities to participate in physical activity, poor instruction, and certain 
physiological factors all contribute to the lack of physical activity in persons with disabilities. 
Rimmer et al. (2005) pointed out that this behaviour could potentially lead to the 
development of secondary conditions, which would lead to worsening disabilities or the 
development of more disabilities. Ultimately the effort to engage in physical activity is just too 
much. This cyclic relationship demonstrates that disabled individuals are a population at risk 
for accruing functional capacity limitations. 
 
4.  Down syndrome 
Research has shown that DS individuals might be particularly susceptible to low levels of 
functional capacity because of poor physical fitness (Carmeli et al., 2004; Carmeli et al., 
2002b; Pitetti et al., 1995). Torr et al. (2010) recognised that there are many reasons for the 
functional decline in DS adults, however, sensory (hearing and vision) and musculoskeletal 
disorders contributed most to this decline. Consequently, Baynard et al. (2008) stated that it 
is important for persons with DS to maintain their functional status so that they can lead 
healthy and satisfying lives without being institutionalised as they age. 
Dolva et al. (2004) evaluated the functional performance in 5 year old children with DS 
(N=43) using the Paediatric Evaluation of Disability Inventory (PEDI). Additional descriptive 
information related to health, disabilities and function were also included. Performance of 
self-care activities appeared most delayed in activities that required fine motor skills, such as 
drawing and connecting dots. Children appeared less affected in basic functional mobility 
skills (i.e., going to the bathroom). Parents identified their main concerns as language 
functioning and, for the children not yet toilet trained, the management of bladder and bowel 
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control in relation to starting school. The study provided valuable baseline information 
regarding typical levels of functional performance in children with DS at 5 years of age. 
However, the authors pointed out that one must be careful to generalise these results to a 
specific individual since the functional performances of the children varied widely. 
Carmeli et al. (2004, 2003a) studied the functional status and clinical characteristics of DS 
adults. Variables such as demographic data, medical backgrounds, anthropometric 
measurements, physical and functional tests were analysed. Both studies revealed that the 
functional performance of DS adults is significantly impaired. DS adults were more obese, 
shorter in stature and had more medical problems compared to younger DS adults, age 
matched ID adults, and older adults without ID. Individuals with DS showed premature signs 
of aging, including elevated levels of functional and behavioural disturbances. Both studies 
postulated that these functional limitations may be explained by a less physical active 
lifestyle which may accelerate the onset of disease, resulting in symptoms of aging that are 
detrimental to health. Torr et al. (2010) advised that given the high rates of early onset age-
related disorders found in DS adults, screening, monitoring and preventative interventions 
should be placed into practice to limit secondary conditions and premature mortality.  
 
Many researchers agree that the physical and functional capacities of DS individuals are 
poor (Baynard et al., 2004; Tsimaras et al., 2004; Rimmer et al., 2004; Fernhall et al., 2001a; 
Croce et al., 1996; Pitetti et al., 1992a). Specifically they found that DS individuals have poor 
aerobic capacities, poor muscular strength, poor balance and coordination and poor 
functional ability. These studies were extensively discussed in chapter 2.  
 
 
F. Training of functional capacity 
Brill (2004) compiled very useful manual describing programs through which the functional 
fitness in older adults can be improved. They argued that improving functional fitness 
components such as muscular strength, endurance, and power as well as balance, and 
flexibility enable older adults to maintain functional movement patterns, for example climbing 
stairs and rising out of a chair. This improves quality of life and avoids, postpones, or even 
reverses declines in physical performance. The author provided appropriate programs by 
considering factors such as medical history, physical limitations, risk factors, and 
medications. The client’s functional goals are established and types of activities identified to 
improve quality of life. A personalised program finder is also provided to assist individuals in 
determining appropriate activities. Suitable training programmes will render various physical 
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benefits such as a reduction in the risk of developing chronic conditions, management of 
active problems, and from a functional standpoint, improve a person’s ability to function and 
remain independent. Lastly, the author discussed exercise guidelines for people with chronic 
conditions and functional disabilities with clear instructions to counter injury or clinical 
problems. These guidelines are in concordance with the views of the ACSM (1998) that 
regular exercise and physical activity contribute to a healthier, independent lifestyle, greatly 
improving functional capacity and quality of life. 
 
a. Types of programs 
Singh et al. (2006), Brill (2004), Rikli et al. (2001) and Morey et al. (1998) agreed that 
programs consisting of aerobic exercises, strength, balance, flexibility, and coordination 
should all be incorporated into training programs in order to improve functional fitness. 
These programs are central modifiers to functional capacity (Cowley et al., 2010; Shields et 
al., 2008; Carmeli et al., 2002b). Specifically, Morey et al. (1998) found that cardiorespiratory, 
morphologic and muscular strength are all directly associated with functional limitations. 
Singh et al. (2006) on the other hand showed that besides muscular strength, fitness 
components such as coordination and flexibility are also associated with functional 
performance. Brill (2004) and Rikli et al. (2001) utilised programs consisting of aerobic 
capacity, strength, balance, flexibility and coordination in their functional fitness batteries. 
 
b. Consequences of an increased functional capacity 
Connolly et al. (1993) explored whether the typical functional decline of DS adults could be 
controlled or reversed. Ten subjects with DS (7 boys and 3 girls) who had participated in an 
early intervention (EI) program were compared with an age matched group of children with 
DS (6 girls and 4 boys) who did not follow an EI program. The EI program was focussed on 
the stimulation of developmental skills and the facilitation of parent- child interactions. The EI 
group’s motor functioning was compared with the norms of the Bruininks-Oseretsky Test of 
Motor Profiency. The cognitive and adaptive skills of the EI group were compared with those 
of the control group. Although the EI group was below their chronological age levels in gross 
and fine motor skills, their performance in gross motors skill exceeded their performance in 
fine motor skills. However, the EI group had significantly higher scores on measures of 
intellectual and adaptive function compared to the control group. This study therefore shows 
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that an EI program can delay the functional decline of DS individuals typically seen with 
ageing. 
Takata et al. (2007) measured functional capacity in 697 elderly adults (80-year-old 
community residents) and its association with mortality. Indeed, their findings showed that 
adequate levels of intellectual functioning and total functional capacity may be less 
associated with all cause cardiovascular mortality and may be strong predictors of survival. 
Brill (2004) and Rikli et al. (2001) are of opinion that elderly people with a good functional 
capacity will reign independent for a longer period of time and suffer less from age 
associated diseases such as arthritis, Parkinson’s disease, stroke, diabetes, depressive 
symptoms and sleep disorders. Moreover, the incidence of falls and hip fractures will also be 
reduced. Additionally, ADL and IADL will be performed with more ease and be sustainable 
for longer periods of time. With an increased functional capacity elderly individuals will also 
be able to attend more social events in the community and expend lower costs for health 
care and medication (Brill, 2004). 
 
G. The benefits of improved physical fitness and functional capacity 
a.  In the clinical setting 
Studies in the clinical field with reference to patients with chronic heart failure (HF) have 
shown that long term moderate exercise improves the functional capacity and quality of life 
in these individuals (Bocalini et al., 2008; Belardinelli et al., 2005; Belardinelli et al., 1997).  
Bocalini et al. (2008) studied the effects of a 6 month training program in patients with HF 
(n=42). The program consisted of aerobic exercises, muscular training, agility and flexibility. 
They found that all components of functional capacity improved compared to the untrained 
group and that physical exercise is a safe and feasible option in this population. Physical 
exercise may also constitute a valuable tool in attempting to implement more efficient 
therapeutic approaches which are in line with the recently launched ACSM (2007) campaign, 
Exercise is Medicine. The campaign encourages populations worldwide to improve their 
health and well being through regular physical activity. Bocalini, et al. (2008) also found that 
an improved aerobic capacity (indicated by a timed 800m walk) resulted in reduced 
maximum heart rate, systolic blood pressure, oxygen requirement by the myocardium, and 
lower incidences of mortality and morbidity. Belardinelli et al. (1997) reported lower mortality 
and hospital readmission for HF patients after 8 weeks of exercise. In 2005, Belardinelli et al. 
concluded that long term moderate exercise is beneficial and safe for an HF population. 
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Therefore it can be concluded that exercise is a potent non-pharmacological therapy that 
has significant health-related benefits.   
The benefits of regular aerobic exercise have also been observed in populations with 
dementia (Teri et al., 2008; Kwak et al., 2006), Parkinson’s (Hackney et al., 2009; Petzinger 
et al., 2010), arthritis (Metsios et al., 2008), hypertension (Smith et al., 2010; Blumenthal et 
al., 2010), systolic dysfunction (Smart et al., 2007), and diabetes (De Feo et al., 2006).  
 
b.  The elderly 
Bean et al. (2004) reviewed the therapeutic benefits of exercise and physical activity for 
older adults. The benefits include reduced rates of morbidity and mortality, enhanced 
physical function and self efficacy. Frankel et al. (2006) also concluded that exercise 
prevents illness and injury, limits functional loss and disability, and lessens the course and 
symptoms of existing cardiac, pulmonary, and metabolic disorders. Penedo et al. (2005) 
focussed more on the positive health outcomes, instead of disease prevention or disease 
maintenance and concluded that physical activity interventions lead to better health 
outcomes, improved quality of life and functional capacity and better mood states. With 
reference to quality of life, Brill (2004) demonstrated that functional fitness enables older 
adults to improve functional movement activities, such as climbing stairs. 
Landi et al. (2007) showed that a physically active group of elderly individuals were less 
likely to become disabled compared to those with low physical activity patterns. Morey et al., 
(1998) also provided evidence that physical activity and physical fitness may be independent 
risk factors for functional decline and that exercise as a preventative measure or as a 
rehabilitative technique would be of utmost use. Maintenance of functional capacity is thus 
important to postpone age-related functional problems (Karinkanta et al., 2007).  
 
c.  Individuals with disability 
Winnick(2005) provided evidence that the disabled can successfully participate in adapted 
sport and improve their functional fitness. These disabled populations include those with 
intellectual-, behavioural- , specific learning- spinal cord disabilities, pervasive development 
disorders, visual impairments, deafness and blindness, cerebral palsy, traumatic brain injury, 
amputations, dwarfism, and Les Autres. 
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Lotan et al. (2004) studied the physical fitness and functional ability of children with 
Intellectual Disability (ID) and the effects of a short term daily treadmill intervention. Their 
findings indicated a significant improvement in the level of physical fitness (p<0.005) as 
measured by pulse rate at rest and during exercise. Furthermore, physical fitness levels 
correlated significantly with an improvement in functional ability of the participants. They also 
argued that their method of exercise intervention is easy and does not entail long term 
budgetary expenses and can be operated with the support of unskilled staff. 
Carmeli et al. (2005) also investigated the effect of physical training on the functional 
capacity (balance, strength, and well being) of intellectually disabled individuals. The training 
program was performed 3 days a week for 6 consecutive months. Multiple regression 
analysis demonstrated positive associations between balance, muscle strength, well being 
and physical training and therefore suggests that exercise can be a successful intervention 
strategy. This was especially indicative in the study when individuals had a much improved 
perception of well being and functional capacity after the training program was terminated 
 
 d.  Individuals with DS 
Carmeli et al. (2002b) studied the effects of a 6 month treadmill walking program on muscle 
strength and balance in elderly people with DS. Results showed that knee extension and 
flexion isokinetic strength were significantly improved, while functional capacity was also 
significantly improved as demonstrated by the timed get-up and go test. This latter test has 
specific practical value, because it assesses the ability of a person to perform a task that is 
repeated numerous times throughout the day. Thus individuals would be able to increase 
their daily activities and functional capabilities. These findings clearly support the claim that 
adoption of an active physical exercise program for DS persons is not only beneficial to their 
health, but will slow the onset of diseases associated with aging and improve self-esteem. 
Shields et al. (2008) performed a progressive resistance based program on the upper and 
lower body to determine muscle performance and physical function in adults with DS. 
Twenty DS adults were either assigned to an intervention group (n=9) or a control group 
(n=11). The main outcomes measured were muscle strength, muscle endurance for chest 
press and leg press, timed stairs test, and the grocery shelving task (functional test). The 
main finding of the study was that upper limb muscle performance improved in adults with 
DS after a 10 week progressive resistance exercise program. A significant increase in chest 
press endurance was noted and a positive trend in the increase in upper limb endurance and 
upper limb functional activity as measured by grocery shelving task. This intervention was 
30 
 
very useful for DS individuals as their job specifications involved manual work of the upper 
limbs.  
 
H. Conclusion 
Functional capacity refers to the ability to carry out daily activities in a normal or accepted 
way. Populations composed of the elderly, disability, and those with chronic medical 
conditions have demonstrated to be at risk for developing low functional capacity. The 
maintenance of functional capacity is of utmost importance to health and quality of life. Major 
deterioration in functional capacity could lead to increased dependence, poorer physical 
function, reduced ability and may lead to increased mortality or morbidity rates. Functional 
capacity is also highly associated with functional limitations and may be an important 
modifier to the onset of disability. It has also been shown that functional fitness is related to 
functional capacity and that a functionally active lifestyle is an effective intervention strategy 
for people with low functional capacity. 
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CHAPTER FOUR 
PROBLEM STATEMENT 
 
A. Introduction 
Winnick and Short (1999) stated that all individuals should possess, at minimum, levels of 
aerobic capacity and body composition consistent with positive health, adequate flexibility for 
functional health (especially good functioning of the lower and upper back), and levels of 
abdominal, trunk extensor, and upper-body strength and endurance adequate for 
independent living and participation in physical activities. In addition, it was suggested that 
adequate levels of abdominal muscular strength and endurance can reduce the risk of 
developing low back pain and that the development of upper body muscular strength and 
endurance can improve the ability to perform daily tasks that require lifting, carrying, pulling 
or pushing objects. Moreover, they are of opinion that adequate levels of aerobic functioning 
facilitates the continued ability to sustain physical activity for work and play, and may reduce 
the risk of developing certain diseases and conditions such as high blood pressure, coronary 
heart disease, obesity, diabetes, and some forms of cancer.  
 
B. Summary of the literature 
Numerous research studies have been performed to determine the aerobic capacity 
(Rimmer et al., 2004; Tsimaras et al., 2003), strength capacity (Shields et al., 2008; 
Tsimaras et al., 2004), balance and coordination (Carmeli et al., 2002b; Wang et al., 2002), 
and functional capacity (Cowley et al., 2010; Shields et al., 2008) of DS individuals. 
Researchers agree that the physical and functional capacities of DS individuals are poor, not 
only compared to the general population but also to individuals with ID but without DS 
(Baynard et al., 2004; Tsimaras et al., 2004; Rimmer et al., 2004; Fernhall et al., 2001a; 
Croce et al., 1996; Pitetti et al., 1992a). Specifically, Cowley et al. (2010) and Baynard et al. 
(2008) stated that DS individuals exhibit severe reductions in aerobic capacity similarly to the 
frail and aged. This is disturbing news as Rimmer et al. (2004) stated that poor 
cardiovascular fitness provides an increased risk for health problems such as type 2 
diabetes, cardiovascular disease, osteoporosis and obesity. Similarly, Carmeli et al. (2002b) 
found that muscle weakness of the lower limbs and poor standing balance are associated 
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with an increased risk of falling. Also, muscle weakness can lead to osteoporosis and 
reduced bone mineral density in DS individuals (Angelopoulou et al., 2000). 
Fortunately, scientific investigations have revealed that DS individuals do possess the 
capabilities to improve their functional fitness capacities (Cowley et al., 2010; Shields et al., 
2008; Rimmer et al., 2004; Carmeli et al., 2002b). This is of enormous importance as Bittles 
et al. (2004) pointed out that the life expectancy for DS individuals has been increasing 
drastically in the last century. This could be problematic as increased life expectancy has 
been shown to be associated with increased health problems in DS individuals (Carmeli et 
al., 2004; Folin et al., 2003; Krinsky et al., 2002; Shamas-Ud-Din, 2002). These health 
problems are further exacerbated by the sedentary lifestyles of most DS individuals (Fernhall 
et al., 1996; Fernhall et al., 1993; Pitetti et al., 1993). Carmeli et al. (2002b) states that 
physical activities are often restricted in a DS population and Heller et al. (2004) is of the 
opinion that little has been done to promote physical activity to DS individuals. 
Improving functional fitness enables adults to maintain functional movement (such as 
climbing stairs and rising out of a chair), thereby improving quality of life and avoiding, 
reducing or even reversing declines in functional performance (Brill, 2004). Cowley et al. 
(2010) also stated that functional debility may limit employment opportunities and 
independence in a DS population. Morey et al. (1998) agreed that functional fitness may be 
independent risk factors for functional decline.  
Exercise programs have shown to positively improve the overall health of DS adults 
(Barnhart et al., 2007; Carmeli et al., 2002b). Varela et al. (2001) and Graham et al. (2000) 
found that an increased level in physical performance could also contribute to a better ability 
to perform work, participate in recreation activities and perform everyday activities with ease. 
Furthermore, in line with the recently launched campaign of the American College of Sports 
Medicine, Exercise is Medicine, where populations worldwide are encouraged to improve 
their health and well being through regular physical activity, this project will highlight the 
importance of this same message in a population with a disability. Individuals with DS 
already have significant health risks and limited opportunities for fitness improvement and it 
is therefore important to develop their available functional capacity to its maximum levels.  
 
C. Motivation for the study 
Over the years many standardised tests of physical fitness have become available for 
various populations. There is a number of standardised tests and manuals available for 
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youngsters with intellectual disability, i.e. The Brockport Physical Test (Winnick and Short, 
1999), Special Fitness Test (American Alliance for Health, Physical Education and 
Recreation) [AAHPER], 1976), Motor Fitness Test Manual for the Moderately Mentally 
Retarded (Johnson and Londeree, 1976); FAIT Physical Fitness Test for Mildly and 
Moderately Mentally Retarded Students (Fait and Dunn, 1984); Project Active level II 
(Vodola, 1978); Ohio State SIGMA (Loovis and Ersing, 1979) and Youth Fitness Test for 
mildly mentally retarded (American Alliance for Health, Physical Education, Recreation and 
Dance [AAHPERD], 1978). Most of these studies concentrated on ages of up to 18 years 
with one fitness battery extending to 20 years. None of these studies focussed explicitly on a 
population of (1) DS individuals and (2) ID or DS adults. Moreover, all these batteries include 
ID as a whole with no studies establishing certain recommendations with reference to 
exercise tests for DS individuals. In fact, Winnick and Short (1999) acknowledge that the 
BPFT makes no distinction between those with and without DS despite evidence that the 
presence of DS negatively affects fitness test performance. As such, there is no descriptive 
information on the physical and functional tests available in an exclusive DS population. This 
information is however vital, as there is clear evidence that DS adults have marked 
reductions in physical and functional capabilities compared to those with intellectual 
disability, but without DS.  
What is even more motivating is that past studies have demonstrated that DS individuals can 
improve their physical and functional abilities (Cowley et al., 2010; Shields et al., 2008; 
Rimmer et al., 2004; Carmeli et al., 2002b). Therefore, a description of the fitness and 
functional capacities of DS individuals are essential when one needs to consider how much 
exercise and what type of exercise should be prescribed in order for DS individuals to 
maintain or improve their functional capacity. It is therefore suggested that DS individuals 
have their own unique set of normative tables for health- and functional- purposes. 
Secondly, the values from this very specific population group can then be compared to those 
with intellectual disability but without DS and also those in the general population. This will 
enable researchers to adapt training programmes according to the needs of DS individuals.    
Thirdly, considering all the health related problems that DS individuals are born with, their 
tendency to live sedentary lifestyles and a high likelihood of obesity, it is imperative that 
functional capacity is maintained in order to perform activities of daily living with as much 
independency as possible. Brill (2004), Rikli et al. (2001) and Morey et al. (1998) have thus 
stated that it is imperative to acknowledge the range of physical fitness dimensions and to 
study the extent to which each component contributes to function. Quantification of 
functional capacity remains problematic (Reiman et al., 2009), but physical attributes have 
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been shown to predict functional tasks in a DS population (Cowley et al., 2010; Shields et 
al., 2008; Carmeli et al., 2002b). However, these studies were limited to two physical 
attributes in relation to functional tasks and they were studied collectively for men and 
women. Singh et al. (2006) demonstrated that physical attributes in relation to functional 
performance contribute differently to men and women, and advise that they should be 
studied separately. Sing et al. (2006) and Morey et al. (1998) pointed out that information of 
this nature would be of utmost use as appropriate training program can then be tailored and 
personalised to different individuals.   
This will be the first study to comprehensively test the functional fitness abilities comprising 
of items such as flexibility, aerobic capacity, agility, muscular strength and endurance, 
balance and coordination, in an adult population with DS. There are currently no norms or 
criterion referenced tables available for this population. Furthermore, it will also be the first 
study to analyse a fully composed physical battery in relation to functional performance 
tasks. All this information will enable the researcher to profile the strengths and weaknesses 
of DS individuals which can be used to tailor specific exercise programs. 
 
D. Aims of the study 
The primary aim of the study is to establish the functional fitness capacity of adults with DS. 
The secondary aims are to:  
1. Analyse how much individual physical attributes contribute to functional tasks in DS men 
and women. 
2. Compare the functional fitness capacity of DS individuals with norms for an elderly, a 
disabled, and a healthy population.  
3. Provide criterion referenced values for an adult DS population. 
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CHAPTER FIVE 
METHODOLOGY 
 
A.  Study design 
This study examined the functional fitness capacities of DS adults through a battery of test 
items consisting of balance, coordination, flexibility, muscular strength and endurance, 
agility, and cardiovascular endurance. This study design was thus descriptive and 
explorative in nature.  
 
B.  Subjects 
A total of 371 DS adults were tested at various centres and workshops in South Africa. Of 
these, 199 were men and 172 women.  
Individuals were included if they were older than 18 years, had the cognitive ability to 
understand the testing protocols and if they provided written, informed consent. Individuals 
were excluded if they suffered from congestive heart disease or any other physical or 
medical condition that could limit their ability to render a maximal effort on each test.  
 
C.  Subject recruitment 
DS centres and institutions were contacted via telephone and given a brief overview of the 
study. All the necessary documentation, including the consent and health screening form 
and information sheets were emailed to the centre manager or chief supervisor who 
distributed the information to the parents or acted as guardians themselves. These 
documents were sent up to 3 months prior to testing affording sufficient time for document 
distribution, completion and assimilation. Regular follow-up calls were made in this period to 
remind data distributers that testing day was approaching. The centre managers assimilated 
and filed all the documentation until the researcher’s arrival on testing day. The participants 
and parents/guardians received information sheets (Appendix A) and signed the consent 
forms (Appendix B and C). The parents/guardians/acting nurse completed the health 
screening form (Appendix D). These documents were obtained prior to testing. In addition, 
each centre faxed or emailed a letter providing permission for the study to be carried out at 
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their centres. These letters were submitted to the office for Research Development, 
Stellenbosch University. Prior to departure, the nearest hospital or emergency clinic to the 
Centre was located in case of an emergency arising during testing. National and local 
emergency numbers and details (ambulances, hospitals, and emergency services) were 
always at hand in case of unforeseen circumstances.  
 
D.  Ethics 
The proposal was submitted and approved by the Ethics Committee of Research 
Subcommittee A, Stellenbosch University (280/2010). The study was carried out in a manner 
conforming to the principles set out by the above-mentioned Committee. Subjects were 
informed that participation was completely voluntary and withdrawal of their consent and 
discontinuation of participation at any time without justification was permissible. All 
information obtained in the study was handled with strict confidentiality and was not 
disclosed to any third party. All results were used for data analysis and then safely and 
securely stored. It should also be noted that no invasive procedures accompanied this 
research project. An informed consent was completed by all participants prior to exercise 
tests. It is important to stress that all exercise tests used were standardised and are used 
world-wide at many clinical testing settings or sport science/biokinetics centres. 
Permission was also given by each centre in an official letter with a signature stating the 
following keywords: “We give Pieter Boer permission to perform his Master study on our 
residents at our facility”, prior to testing. 
 
E.  Information prior to arrival 
Participants were asked to avoid unusual or intense activity on testing day and to wear 
comfortable sporting clothes with running or training shoes. They were also reminded that all 
three forms (consent forms and health screening form) had to be completed to be eligible for 
participation. Centre managers were also asked to acquire birth dates and the ages of all the 
participants.        
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F.  Pilot study 
During December 2009 and January 2010 pilot studies were conducted at the Department of 
Sport Science, Stellenbosch University. These pilot studies were performed on individuals 
with intellectual disability. These pilot studies were very significant in the pre-test planning 
and to evaluate factors such as choice of tests, familiarisation with tests, development of test 
procedures and directions, preparation of participants, number of trials, obtaining the feel for 
equipment and space needed, preparation of worksheets, and equipment checklists, and 
time needed to perform tests. Familiarisation with the tests was particularly important as 
there were so many test criteria to follow to ensure technical correctness, reliability and 
validity. The pilot study also served to identify proper safety measures that could be taken 
during testing. For example, the examiner walked alongside participants when they walked 
on the balance beam, and assisted those with weak legs or the frail and elderly in running 
and agility tests. 
G.  Test description 
17 items were included in this test battery (Table 2). The validity and reliability of all the tests 
have been determined (Senior Fitness Manual, 2001; Johnson and Londeree, 1976; 
Brockport Physical Fitness Test, 1999 and Bruininks, 1978). The Brockport Physical Fitness 
test provided a complete package (27 test items) for fitness testing for youths with physical 
and mental disabilities. The Motor Fitness Test Manual for the Moderately Mentally Retarded 
(Johnson and Londeree, 1976) was tested on moderately mentally retarded individuals and 
contains 13 items. The Bruininks-Oseretsky Test of Motor profiency Test (Bruininks, 1978) 
was tested on the general population and contains 46 items. Lastly the Senior Fitness 
Manual (Rikli and Jones, 2001) was performed on elderly participants (60-94 years) and 
consisted of 7 items. 
Table 2. Description of test items 
Body stature and weight Height, weight, sitting height and arm span 
Balance Standing on one leg, walking on balance beam 
Coordination Catching a tossed ball, throwing a ball at a target 
Flexibility Back scratch, sit and reach 
Muscular strength and endurance Chair stand, isometric push up, hand grip 
strength, modified curl up, trunk lift 
Functional tasks 8 foot get-up-go and chair stand 
Cardiovascular endurance Modified bleep test (16 meters [m]) 
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H.  Test day 
Only individuals whose consent and health screening forms had been completed in 
conjunction with a satisfactory health report were approved for testing.  A suitable testing 
room was located and equipment preparation lasted 20 minutes. Subjects were tested in an 
open area relatively free of disturbances and noise. Five participants were tested at a time 
and each session lasted approximately 3 hours. Participants were told the tests are easy 
and fun and they just had to give their best and it did not matter if they had difficulty 
performing any test item. Subjects were verbally instructed and visually demonstrated on 
how to perform the test items. Constant motivation and praise assisted testing to be 
productive, fruitful and fun. All testing was carried out by the primary researcher. Standing 
height, body mass, sitting height and arm span measurements were taken firstly. 
Participants were tested individually for all the test items except the bleep test in which a 
maximum of 3 participants could be tested simultaneously. The participants then completed 
the 13 test items, always in the same order, and finishing off with the Bleep test, which was 
the most tiring. At the end of the test session, participants were sincerely thanked for 
participating and given a 2-minute talk on the importance of maintaining functional capacity 
in an easily understood manner. They were warned that inactivity could possibly induce 
health related problems later in life inflicting dependency on others and difficulty in 
performing everyday activities.  
 
I. Procedures 
1.  Anthropometric measurements  
Anthropometric measurements included stature; body mass, sitting height and arm span.  
1.1 Body mass was determined with a calibrated electronic scale (Safeway ED 309) and 
recorded to the nearest 0.5 kilogram (kg). Subjects were asked to stand in the middle of the 
scale, distributing weight evenly on both legs. Subjects were barefoot and clothed in light 
weight clothing. 
1.2 Stature was measured using a tape measure. The tape measure was positioned 2m up a 
wall using masking tape. Measurements were taken to the nearest 0.5 centimetre (cm). The 
subject stood barefoot with heels together and upper back, buttocks and heels against the 
wall. The head was placed in the Frankfurt plane. The Frankfurt plane is achieved by 
positioning the lower edge of the eye socket (Orbital) in the same horizontal plane as the 
notch just above the tragus of the ear (Region). The measurement was then taken from the 
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inferior aspect of the feet to the vertex of the skull (the highest point on the skull). A steel 
ruler was laid on top of the participant’s head, extending back to the tape measure. The 
height and weight was used to determine body mass index (BMI). 
1.3 Sitting height was also measured using the above tape measure. The back and buttocks 
were firmly pressed against the wall. Legs were placed flat and next to each other on the 
floor extending out in front of the participant. The head was again positioned in the Frankfurt 
plane. The same steel ruler was laid on the participant’s head to measure sitting height 
accurately.  
1.4Arm span was measured as the length between the tip of the middle finger of the right 
hand to the tip of the middle finger on the left hand (tape measure was placed horizontally at 
shoulder level against the wall). Subjects stood upright and with the side of the face against 
the wall. Both arms were stretched horizontally at 90 degrees from the body against the wall.  
 
2.  Physical Assessments 
2.1- Balance 
2.1.1: Standing on one leg (Bruininks, 1978). The participant stood on their preferred leg 
looking forward with their hands on their hips; the knee of the non preferred leg was bent so 
the lower leg was parallel to the floor (Figure 1). The participant was instructed to maintain 
this position for as long as they could. The highest possible score was 10 seconds. Two 
trials were administered.  
2.1.2: Walking on a balance beam (Bruininks, 1978). The participant was instructed to walk 
on a 10 foot (3.05 m) long, 4 inch (10.16 cm) wide balance beam with a normal walking 
stride, whilst maintaining hands on the hips (Figure 2). The number of consecutive steps 
completed on the balance beam up to a maximum of 6 steps, was recorded. Two trials were 
administered. 
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Figure 1. Standing on one leg  Figure 2. Walking on balance beam 
 
2.2- Coordination 
2.2.1: Catching a tossed ball with both hands (Bruininks, 1978). The participant stood behind 
a predetermined throwing line. From just behind the tester throwing line (3.05 meters from 
the participant), a tennis ball was carefully tossed underhanded to the participant. The ball 
was tossed with a slight arc so that it came down between the participant’s shoulder and 
waist. 5 balls were thrown and the number of catches was recorded.   
2.2.2: Throwing a ball at a target (Bruininks, 1978).The participant stood behind the throwing 
line (2.13 meter from the wall), facing the wall with the target. The subject used the preferred 
hand to throw a tennis ball at the target, either overhand or with a modified sidearm motion. 
The target is round in shape, approximately the size of a soccer ball. The subject was 
allowed to take one step toward the target whilst throwing, without crossing the line while 
throwing. 5 balls were thrown and the number of hits was recorded.           
 
2.3- Flexibility 
2.3.1: Sit and reach test (Senior Fitness Manual, 2001). A folding chair with a seat height of 
43.18 cm was used. The participant sat on the edge of the chair, with the crease at the top of 
the leg and even with the chair. The preferred leg was extended straight out in front of the 
hip, with the heel on the floor and the ankle flexed at 90 degrees, while the other leg bent 
and off to the side, with the foot flat on the floor. With the hands overlapped and the middle 
fingers even, the participant reached as far as possible to the toes (Figure 3). The furthest 
position had to be held for at least two seconds. Therefore no bouncing and rebounding 
movements were allowed. Two trials were administered. A minus (-) score was recorded if 
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the reach was short of the toes and a plus (+) score if the reach was beyond the toes. Both 
legs were tested in order to gain the best score. The better of four attempts (two from each 
leg) was noted.  
2.3.2: Shoulder stretch (Brockport Physical Fitness Test, 1999). Participants performed this 
test standing with their backs straight. Participants attempted to touch the fingertips of their 
two hands behind their backs. The right hand reached over the right shoulder between the 
scapulae while the left hand was brought up the back from the waist by bending the elbow 
(Figure 4). Two trials were performed. The test was repeated with the opposite arm. Minus 
scores (-) represented the distance short of touching the middle fingers, and plus scores (+) 
indicated the degree of overlap. Scores were recorded to the nearest cm. The best 
measurement was taken.   
    
Figure 3. Sit and reach   Figure 4. Shoulder stretch 
 
2.4- Muscle strength and endurance 
2.4.1: Chair stand test (Senior Fitness Manual, 2001).The participant sat in the middle of a 
straight back chair (43.18 cm seat height), feet flat on the floor, and arms across the chest 
(Figure 5). On the signal go, the participant rose to a full stand, and then returned to a fully 
seated position. Correct technique was assessed with one fully completed stand and one 
fully completed sit. The score was the number of stands completed in 30 seconds.  
2.4.2: Isometric push up (Brockport Physical Fitness Test, 1999). Participants attempted to 
hold the push up position for as long as they could. Hands had to be placed directly below 
the shoulders, arms had to be extended, the back had to be perfectly aligned with the rest of 
the body, and toes had to be on the floor (Figure 6). The time was taken to the nearest 
second. Only one trial was administered. Time was stopped as soon as the back sagged or 
lifted. Proper form was strictly controlled.  
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2.4.3: Hand grip strength (Brockport Physical Fitness Test, 1999). Participants sat on a 
straight back armless chair, with feet flat on the floor. They squeezed the grip dynamometer 
(Takei, Grip D, T.K.K 5401) as hard as possible with their preferred hand (Figure 7). Three 
trials were administered, with 30 seconds rest in between each trial. The device digitally 
recorded the participants test score. The best score was registered.  
2.4.4: Modified Curl up (Brockport Physical Fitness Test, 1999). Participants lay in a supine 
position with knees bent and feet flat on the floor, hands on thighs. During the curl up the 
participants slided their hands up the thighs to the knee cap and then returned to the starting 
position. The fingers had to slide at least 10 cm along the legs to the knee caps. Participants 
performed as many curl ups as possible (up to a maximum of 75) for as long as possible by 
doing one curl up every 3 seconds. The researcher’s hands were placed on the superior 
aspect of the knee cap thereby assisting the subject in performing the correct technique. The 
researcher verbally counted the number of curl ups. Fingers were not allowed to lift off the 
legs and the hands had to slide up simultaneously to the left and right knee caps 
respectively. Only one trial was administered.   
2.4.5: Trunk lift(Brockport Physical Fitness Test, 1999). From a prone position with hands 
under thighs, participants attempted to lift their chins up to a maximum height from the mat 
by arching the back (Figure 8). Measurement was taken with a tape measure from the mat to 
the bottom of the chin (lower jaw). This test was slightly modified from the Brockport Physical 
test in that the maximum lift was measured for each subject and not only up to 30.5 cm as 
required by the Brockport Physical test. Two trials were allowed and the better score was 
taken. 
   
Figure 5. Chair stand test  Figure 6. Isometric push up 
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Figure 7. Hand grip strength  Figure 8. Trunk lift 
 
2.5- Functional test 
2.5.1: 8-foot up-and-go test (Senior Fitness Manual, 2001). The participant sat on a chair 
(43.18 cm seat height), hands on thighs, one foot slightly ahead of the other, and body 
leaning slightly forward. On the signal “go” the participant got up from the chair, walked as 
quickly as possible around a cone placed 8 feet (2.43 meter) away, and returned to the 
chair. After one practice trial, two test trials were administered. The final score was the better 
of two trials, recorded to the nearest hundredth of a second.   
 
2.6- Aerobic/Endurance  
2.6.1: 16 meter modified bleep test (Brockport Physical Fitness Test, 1999). At the sound of 
a tape recorded beep, participants ran from one line to the other 16 meters away. They had 
to arrive at the second line prior to the next beep (initially a nine second interval). The time 
between beeps gradually decreases over the length of the test, so subjects find it 
increasingly difficult to keep up with the pace the longer the test last. The test score was the 
number of laps completed on pace and only one trial was given. 
 
J. Safety of participants during testing 
A safe testing environment was created with structured and well organised working stations. 
Participants were welcomed in a friendly manner and a calm, relaxed atmosphere aided in 
the provision of an exciting, injury-free environment. Participants were aligned into ordered 
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rows which prevented bumping, pushing and falling. There were minimal risks associated in 
this study. 
 
K. Assumptions 
It was assumed that each adult gave their utmost best in each of the test items and that they 
had the cognitive ability to fully understand the requirements for each test item.  
 
L. Limitations 
It was not possible to test all individuals at the same time of the day and therefore testing 
was conducted in the mornings and afternoon. Testing was, however, not administered 
within one hour after a meal. 
The number of individuals that were tested simultaneously was not always constant and 
caused varied rest intervals between tests. However, in most cases 5 individuals were tested 
at a time. Understandably, it was not always possible to test 5 individuals simultaneously. All 
centres do not have exact multiples of 5 in their respective sample sizes. Care was taken to 
give enough rest when less than 5 individuals were tested at a time.  
 
M. Delimitation 
The amount of sleep and current stress/ psychological condition could possibly have differed 
between participants and could not be quantified or taken into account in this study. 
 
N. Statistical analysis 
All data was reported using a commercially available software package (Statistica, Statsoft, 
Incorporated [Inc], version 9.0, 2009). A P-value < 0.05 was considered statistically 
significant. Descriptive statistics was expressed as means and standard deviations. A 
general linear model with category and gender as main effects and also the interaction 
between the two were calculated to determine age- and gender related differences in test 
variables amongst the DS adults. Normative tables are presented through percentile tables. 
A percentile rank indicates the point in a distribution of scores below which that percentage 
of scores falls. 
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Spearman rank correlations were used to assess whether significant relationships exists 
between test variables. The strength of correlations are based on research performed by 
Cohen et al. (1992, 1988)  who stipulated that a correlation coefficient of 0-0.3 is weak, 0.3-
0.5 is moderate, and >0.5 is strong. Cohen’s work was largely based on behavioural science 
research.   
Finally, a stepwise forward multiple regression model was performed to determine the 
coefficient of determination (R2) of the physical variables that predicted the functional tasks. 
The 8- foot get up- and- go functional task was log transformed to ensure normality of the 
data. The model was interpreted separately for men and women and separately for the two 
functional tasks.  
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CHAPTER SIX 
RESULTS 
A. Descriptive Characteristics 
1. Subjects 
371 DS adults (199 men and 172 women) were tested at various workshops, residential 
homes, intellectual and physical disability facilities, and private homes in 7 provinces across 
South Africa. The mean age of the men was 34 years (SD10) and 34.2 (SD11) for the 
women. The entire sample was firstly categorised into gender and secondly into four 
different age groups (18-25, 26-35, 36-45, >45 years). These descriptive characteristics of 
the study sample are summarised in Table 3 in both a combined and age-categorised form. 
There were some statistically significant differences in anthropometric characteristics 
between men and women, i.e. standing height, body mass and arm span was greater for 
men than women but BMI was higher for women (P<0.01) (Figure 9). Across age groups 
neither men nor women demonstrated any significant differences in standing height, body 
mass, sitting height, arm span and BMI, except for women older than 45 years. Their 
standing and sitting height were significantly shorter than the other age groups. Overall, the 
BMI values for men were on the border of the overweight and obese classification, whilst 
women were in the obese, class 1 category according to the National Institute of Health 
(1998) (Fig 9). 
 
Figure 9. BMI values across age groups for DS men and women. # P<0.01 between 
genders. 
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Table 3. Participant Characteristics: Means ± SD 
 Age groups 
 Combined 18-25 26-35 36-45 >45 
Total nr of subjects 
    Men 
    Women 
371 
199 
172 
99 
53 
46 
109 
58 
52 
104 
58 
46 
58 
30 
28 
Mean age (years) 
    Men 
    Women 
 
34.0(10.4) 
34.2(10.7) 
 
21.4(2.4) 
21.7(2.2) 
 
30.5(3.1) 
30.8(3.0) 
 
40.3(3.0) 
40.1(3.0) 
 
50.7(3.8) 
51.5(5.3) 
Dominant arm 
    Men       (Right) 
                  (Left) 
    Women (Right) 
                  (Left) 
 
79.9% 
20.1% 
83.7% 
16.3% 
 
83.0% 
17.0% 
80.4% 
19.6% 
 
84.5% 
15.5% 
84.6% 
15.4% 
 
77.6% 
22.4% 
84.8% 
15.2% 
 
70% 
30% 
85.7% 
14.3% 
Height (cm) 
    Men 
    Women 
# 
158.3(7.6) 
146.8(6.9) 
 
157.6(8.2) 
147.4(7.4) 
 
157.6(7.3) 
147.4(5.8) 
 
158.8(7.2) 
147.6(7.1) 
 
159.8(7.6) 
143.6(6.9) 
Body mass (Kg) 
    Men 
    Women 
# * 
74.6(12.9) 
68.6(13.5) 
 
76.1(13.6) 
69.2(13.3) 
 
76.6(13.8) 
68.1(14.81) 
 
72.6(11.3) 
71.5(12.4) 
 
72.1(12.6) 
63.9(12.2) 
Sitting Height (cm) 
    Men 
    Women 
# 
84.8(4.1) 
79.3(4.1) 
 
84.3(4.1) 
80.5(4.3) 
 
85.2(4.3) 
80.0(3.2) 
 
85(3.8) 
79.5(3.5) 
 
84.4(4.1) 
75.9(4.5) 
Arm span (cm) 
    Men 
    Women 
# * 
156.9(7.9) 
143.5(7.4) 
 
156.6(7.9) 
144.6(8.0) 
 
155.8(8.0) 
143.8(7.2) 
 
157.6(8.7) 
142.9(7.6) 
 
158.3(6.1) 
141.9(5.8) 
BMI 
    Men 
    Women 
# 
29.9(5.6) 
31.9(6.4) 
 
30.8(6.0) 
32.0(6.2) 
 
30.1(6.0) 
31.4(6.7) 
 
28.9(5.0) 
33.1(6.4) 
 
28.2(4.5) 
31.1(5.9) 
* P<0.01 across age categories  # P<0.01 between gender 
In Table 4 the height and body mass of DS individuals are compared to normative values of 
the general adult population as reported by Hoffman (2006). Across all age groups, DS 
adults were shorter in stature, and their body mass less than the normative values for the 
general population. However, because of their shorter stature, the BMI of the DS adults is 
expectedly higher compared to the general population.   
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Table 4. A comparison between the average height and body mass of DS adults compared 
to a general population. 
Age Men Women 
 
Height Body mass Height Body mass 
GP DS GP DS GP DS GP DS 
20-29 176.7 158.1 83.4 76.7 162.8 147.9 71.1 69.2 
30-39 176.4 157.0 86.0 75.0 163.0 148.0 74.1 69.3 
40-49 177.2 160.5 89.1 74.8 163.4 144.9 76.5 69.4 
50-59 175.8 158.4 88.8 65.9 162.3 146.3 76.9 63.5 
GP- general population; DS- Down syndrome 
 
2. Ethnicity 
A total of 24 participants (19 men and 15 women) were non-Caucasian. When these 
participants were further categorised into age categories, the sample sizes turned out to be 
too small and therefore it was not worthy to draw any comparisons between ethnic groups.  
 
3. Presence of mosaic Down syndrome 
Five of the DS men in the study sample presented with mosaic DS. It was decided to retain 
these individuals in the sample even though they performed better than their peers in all test 
items. However, excluding their data did not have a significant effect on further data 
analysis. They were also too small a group to provide separate descriptive information 
(especially since they are dispersed over two age categories).  
 
4. Non-participation 
There were only a few participants who did not complete all test items. The number of 
people, together with the % of the sample, and the reason for non-participation are listed in 
Table 5. 
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Table 5. Non participation in specific test items.   
Test item Number (n) % of sample Reason 
Standing on one leg 0 0 - 
Walking on balance beam 0 0 - 
Catching a tossed ball 3 0.8 Eye problem 
Throwing a ball at a target 3 0.8 Eye problem 
Sit and Reach 7 1.9 Refused this item 
Back scratch 0 0 - 
Chair Stand 2 0.5 Refused this item 
Isometric push up 3 0.8 Refused this item 
Hand grip strength 0 0 - 
Modified curl up 1 0.3 Had to go home 
Trunk lift 2 0.5 Had to go home 
8- foot get up- and- go 0 0 - 
Bleep shuttles 2 0.5 Had to go home 
 
B. Functional fitness 
Figures 10A to 15 illustrate the distribution of test results for men and women across the four 
different age categories.  
 
1.  Balance 
The performances of the balance tests decreased statistically significantly across age 
groups (P<0.01), while men performed significantly better than women (P<0.05). Especially 
women over the age of 45 performed very poorly. 
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A: Standing on one leg    B: Walking on a balance beam 
Figure 10. (A) Static balance and (B) and dynamic balance. * P<0.01 across age groups; # 
P<0.05 between genders. 
 
2.  Coordination 
Statistically significant differences were found between genders (P ≤ 0.05) but not between 
age groups (Fig 11). Again, DS women older than 45 years performed poorly when 
compared to the rest of the cohort. 
 
A: Catching a tossed ball    B: Throwing a ball at a target 
Figure 11A and B. Coordination. # P<0.05 between genders. 
 
3.  Flexibility 
Although women performed better in the sit and reach flexibility test compared to men, the 
differences were not statistically significant in either test (Fig 12). On the other hand, 
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differences were statistically significant across age groups for the sit and reach test 
(P<0.01), but not for the back scratch test. DS men over the age of 45 years performed very 
poorly in the sit and reach flexibility test. 
 
A: Back scratch flexibility    B: Sit and reach flexibility 
Figure 12. (A) Shoulder flexibility and (B) Sit and reach Flexibility. *P<0.01 across age 
groups.  
 
4.  Upper and lower body strength 
Figure 13A - E shows that DS men demonstrated more strength in all upper body test items 
(hand grip strength, modified curl up, trunk lift, and isometric push up) compared to the 
women (P<0.01). Women performed better in the chair stand test (Fig 13A), but these 
differences were not significant. Significant differences across age categories were also 
found (P<0.02), except for the hand grip strength test. Generally, the over 45 year age group 
performed much worse than the other age categories. 
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A. Chair stand    
 
B. Hand grip strength     C. Modified curl up    
 
D. Trunk lift      E. Isometric push up 
Figure 13A – E. Muscular strength and endurance. *P<0.02 across age groups; # P<0.01 
between genders. 
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5.  Aerobic capacity 
Significant differences (P<0.01) were found across age and gender categories (Fig 14). 
Again, DS adults over the age of 45 years performed very poorly compared to other 
categories. Seven DS men and three DS women could not perform any shuttles. The 
maximum number of shuttles was 86 for DS men and 65 for DS women.  
 
Figure 14. Bleep shuttles. *P<0.01 across age groups; # P<0.01 between genders. 
  
6.  Functional tasks 
Similar to aerobic capacity, significant differences were found in the 8-foot get up- and- go 
test (P<0.01) for both age and gender categories (Fig 15). DS men over the age of 45 years 
performed poorly, whilst DS women over the age of 45 years performed extremely poorly 
compared to other age categories.   
 
Figure 15. 8- Foot Get Up- and- Go. *P<0.01 across age groups; # P<0.01 between 
genders. 
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7. Summary 
Table 6 summarises the findings between age and gender categories.  
i) Gender 
DS men performed significantly better on all but three tests compared to the women 
(P<0.01). The women’s performances in the chair stand test and both flexibility tests were 
better compared to the men, although differences were not statistically significant. 
 
ii) Age categories 
Significant differences across age groups were also measured for 9 of the 13 functional 
fitness tests (P ≤ 0.05).No significant differences were found for catching a tossed ball, 
throwing a ball at a target, sit and reach, and hand grip strength. 
Table 6. Summary of gender and age related differences (P<0.01, unless otherwise stated). 
Test item Gender differences alone 
Age category differences 
alone 
Standing on one leg Yes Yes 
Walking on balance beam Yes (P<0.05) Yes 
Catching a tossed ball Yes(P=0.05) No 
Throwing ball at a target Yes No 
Back scratch No Yes 
Sit and reach No No 
Chair stand No Yes 
Isometric push up Yes Yes 
Hand grip strength Yes No 
Modified curl up Yes Yes (P<0.02) 
Trunk lift Yes Yes 
8- foot get up- and- go Yes Yes 
Bleep shuttles Yes Yes 
BMI Yes No 
 
 
 
55 
 
C. Percentile scores across age groups 
Percentile tables are presented for each of the 13 tests (Table 7a -Table 12b). These 
performance standards make it possible to compare an individual’s scores to others of the 
same age and gender. Furthermore, the 60th percentile is highlighted as the preferred 
reference values for health-related purposes. 
 
1. Balance 
The static balance test required participants to stand on one leg for a maximum period of 10 
seconds. Table 7a and b show that it can be expected that less than half of DS individuals 
younger than 35 years (45% DS men and 30% DS women) will be able to perform this test 
maximally. At least 10% of DS women older than 45 years would not be able to perform this 
test at all.  
The dynamic balance test required participants to walk on a balance beam for a maximum of 
6 steps (Table 7c and d). Only 50% of DS men younger than 25 years and 45% younger 
than 35 years would be expected to complete this test successfully. In women younger than 
35 years, less than half (40%) would perform this test maximally. 10% of DS men in the 
younger three age categories and 25% of DS men in the oldest age category could not 
perform the dynamic balance test. Up to 25% of DS women younger than 45 years would 
not be able to perform this test, while the majority of women older than 45 years (70%) 
would be unable to perform this test. 
The health related reference values for static balance varies between 4-10 seconds for men 
and 3-7 seconds for women, while dynamic balance values vary between 3-6 steps for men 
and 0-6 steps for women. Even though the value for the walking on a balance beam test 
item (women aged 45 years and older) represents 0, it is advised that 2 steps should at least 
be performed. 
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Table 7a.Standing on one leg (seconds) - Men 
Percentile rank 18-25 26-35 36-45 >45 
95 
90 
85 
80 
75 
70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
10 
10 
10 
10 
10 
10 
10 
10 
10 
9.1 
8.2 
7.0 
6.6 
4.6 
3.1 
2.6 
1.9 
1.4 
1.0 
10 
10 
10 
10 
10 
10 
10 
10 
10 
7.2 
6.6 
5.8 
5.5 
3.6 
3.2 
2.0 
1.8 
1.4 
0.9 
10 
10 
10 
10 
10 
10 
8.8 
7.0 
6.0 
5.4 
5.0 
3.8 
3.4 
2.8 
2.6 
2.3 
1.5 
1.3 
0.7 
10 
10 
10 
8.7 
7.7 
5.6 
5.0 
4.4 
3.8 
3.6 
2.9 
2.6 
2.3 
2.0 
1.5 
1.4 
1.2 
0.9 
0.4 
 
Table 7b. Standing on one leg (seconds) - Women 
Percentile rank 18-25 26-35 36-45 >45 
95 
90 
85 
80 
75 
70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
10 
10 
10 
10 
10 
10 
8.4 
7.4 
6.9 
5.1 
4.2 
2.7 
2.6 
2.4 
1.9 
1.8 
1.5 
1.2 
1.2 
10 
10 
10 
10 
10 
10 
10 
7.4 
5.5 
4.3 
3.5 
3.0 
3.0 
2.4 
1.8 
1.6 
1.4 
1.3 
0.8 
10 
10 
10 
9.0 
6.9 
4.8 
3.8 
3.3 
3.1 
2.6 
2.4 
2.3 
2.2 
2.0 
1.5 
1.4 
1.2 
1.2 
1.0 
10 
8.3 
6.3 
6.0 
4.8 
3.2 
2.9 
2.5 
2.3 
1.7 
1.5 
1.4 
1.1 
0.9 
0.8 
0.6 
0.5 
0 
0 
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Table 7c. Walking on balance beam (steps) - Men 
Percentile rank 18-25 26-35 36-45 >45 
95 
90 
85 
80 
75 
70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
5 
5 
4 
4 
3 
3 
2 
0 
0 
6 
6 
6 
6 
6 
6 
6 
6 
6 
5 
5 
4 
3 
3 
2 
2 
1 
0 
0 
6 
6 
6 
6 
6 
6 
5 
4 
4 
3 
3 
3 
3 
2 
1 
1 
1 
0 
0 
6 
6 
6 
5 
4 
3.5 
3 
3 
3 
2.5 
2 
2 
1 
0.5 
0 
0 
0 
0 
0 
 
Table 7d. Walking on balance beam (steps) - Women 
Percentile rank 18-25 26-35 36-45 >45 
95 
90 
85 
80 
75 
70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
5 
4 
3 
3 
3 
2 
1 
0 
0 
0 
6 
6 
6 
6 
6 
6 
6 
6 
5 
4.5 
4 
3 
2 
1 
1 
1 
0 
0 
0 
6 
6 
6 
5 
4 
4 
3 
3 
2 
2 
2 
2 
1 
1 
0 
0 
0 
0 
0 
6 
6 
4 
4 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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2. Coordination 
The first coordination test required participants to catch a tossed ball 5 times (Table 8a and 
b). It is anticipated that most DS men younger than 25 years would be able to perform this 
test maximally, with only 5% who would be unable to catch a ball. Up to 15% of DS men 
older than 35 years would not be able to perform this test. In DS women, between 15-30% 
across all age categories would not be able to catch a ball.  
In the second coordination test (Table 8c and d), subjects had to throw a ball at a target and 
a maximum of 5 points could be scored. 5% of DS men over all age categories performed 
this test maximally, while only 5% of DS women in the youngest age category were 100% 
successful. It can be expected that 5% of DS men and up to 30% of DS women would not be 
able to perform this test.   
The health related reference values for coordination (catching a tossed ball) varies between 
4 catches for men and 2-4 catches for women, while throwing at a target vary between 3 hits 
for men and 1-2 hits for women. 
 
Table 8a. Catching a tossed ball (number of catches) - Men 
Percentile rank 18-25 26-35 36-45 >45 
95 
90 
85 
80 
75 
70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
5 
5 
5 
5 
5 
5 
4 
4 
4 
3 
3 
3 
2 
2 
1 
1 
1 
1 
0 
5 
5 
5 
5 
5 
5 
4 
4 
4 
4 
3 
3 
2 
2 
2 
1 
0 
0 
0 
5 
5 
5 
5 
5 
4 
4 
4 
3 
3 
3 
3 
2 
2 
2 
1 
0 
0 
0 
5 
5 
5 
5 
5 
4.5 
4 
4 
4 
4 
3 
3 
2 
1.5 
1 
0.5 
0 
0 
0 
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Table 8b.Catching a tossed ball (number of catches) - Women 
Percentile rank 18-25 26-35 36-45 >45 
95 
90 
85 
80 
75 
70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
5 
5 
5 
5 
5 
4 
4 
3 
3 
3 
2 
2 
2 
1 
1 
0 
0 
0 
0 
5 
5 
5 
5 
4 
4 
4 
3 
3 
3 
3 
2 
2 
2 
1 
1 
0 
0 
0 
5 
5 
5 
4 
4 
4 
4 
3 
3 
3 
3 
2 
2 
1 
1 
1 
0 
0 
0 
5 
5 
5 
4 
3 
3 
3 
2 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
 
Table 8c. Throwing a ball at a target (number of hits) - Men 
Percentile rank 18-25 26-35 36-45 >45 
95 
90 
85 
80 
75 
70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
5 
4 
4 
4 
4 
3 
3 
3 
3 
3 
3 
3 
2 
2 
2 
2 
1 
1 
0 
5 
4 
4 
4 
4 
3 
3 
3 
3 
3 
3 
3 
2 
2 
2 
1 
1 
1 
0 
5 
4 
4 
4 
3 
3 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
1 
1 
1 
5 
4.5 
4 
4 
3 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
1.5 
1 
1 
0 
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Table 8d. Throwing a ball at a target (number of hits) - Women 
Percentile rank 18-25 26-35 36-45 >45 
95 
90 
85 
80 
75 
70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
5 
4 
4 
3 
3 
3 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
4 
4 
4 
3 
3 
3 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
0 
4 
4 
3 
3 
3 
3 
3 
2 
2 
2 
1 
1 
1 
1 
1 
1 
0 
0 
0 
4 
3 
3 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
 
c. Flexibility 
A negative test score in the back scratch test item (Table 9a and b) means that the 
participant’s hands could not touch or move past each other behind the back. Similarly, in 
the sit and reach test (Table 9c and d), if the hands did not manage to touch the toes, 
negative scores were reported.   
Overall, both men and women performed better in the sit-and-reach test, compared to the 
shoulder stretch test. Between 45-70% of DS men and 45-75% of DS women, would not 
demonstrate adequate shoulder flexibility, with progressively worse scores as subjects get 
older. 70% of DS men and women across all age categories demonstrated sit and reach 
flexibility with positive values i.e., they stretched further than the toes - a remarkable feat.  
The health related reference values for sit-and-reach flexibility varies between 5.5-12 cm for 
men and 7-12 cm for women, while shoulder flexibility reference values vary between 
negative 4 and 3 cm for men and negative 6 and 1 cm women. 
 
 
 
61 
 
Table 9a. Back scratch (cm) - Men 
Percentile rank 18-25 26-35 36-45 >45 
95 
90 
85 
80 
75 
70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
11 
8 
8 
7 
6 
5 
4 
3 
2 
1 
-1 
-5 
-6 
-8 
-10 
-11 
-14 
-17 
-20 
13 
8 
6 
5 
4 
2 
1 
0 
-2 
-4.5 
-6 
-7 
-10 
-13 
-13 
-15 
-16 
-20 
-27 
10 
8 
5 
4 
3 
2 
0 
-1 
-2 
-2 
-3 
-4 
-5 
-8 
-9 
-11 
-14 
-19 
-20 
9 
7 
4 
3 
0 
-2.5 
-3 
-4 
-4 
-6 
-7 
-8 
-8 
-10.5 
-13 
-13 
-17 
-17.5 
-24 
 
Table 9b.Back scratch (cm) - Women 
Percentile rank 18-25 26-35 36-45 >45 
95 
90 
85 
80 
75 
70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
6 
5 
5 
4 
4 
3 
2 
1 
0 
0 
-2 
-2 
-3 
-5 
-6 
-7 
-12 
-12 
-14 
6 
4 
4 
3 
2.5 
1 
0 
-2 
-4 
-6 
-7 
-8 
-8 
-10 
-11 
-12 
-14 
-18 
-25 
4 
3 
2 
2 
1 
-1 
-5 
-6 
-8 
-10 
-11 
-12 
-13 
-14 
-15 
-15 
-20 
-24 
-26 
3 
3 
2 
2 
-0.5 
-4 
-5 
-5 
-5 
-7.5 
-8 
-9 
-10 
-10 
-13 
-14 
-17 
-17 
-20 
 
 
 
 
62 
 
Table 9c. Sit and Reach (cm) - Men 
Percentile rank 18-25 26-35 36-45 >45 
95 
90 
85 
80 
75 
70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
23 
20 
20 
17 
16 
15 
14 
11 
11 
8 
4 
3 
2 
1 
1 
0 
-5 
-5 
-8 
24 
21 
18 
16 
15 
14 
12 
12 
10 
6.5 
5 
4 
3 
2 
1.5 
1 
0 
-3. 
-8. 
23 
19 
15 
13 
11 
9 
8 
7 
6 
5 
3 
1 
1 
0 
0 
-1 
-5 
-6 
-13 
15 
12.5 
12 
9.5 
8 
8 
7 
5.5 
5 
4.5 
4 
2.5 
2 
0 
-2 
-3 
-3 
-7 
-10 
 
Table 9d. Sit and reach (cm) - Women 
Percentile rank 18-25 26-35 36-45 >45 
95 
90 
85 
80 
75 
70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
22 
19 
17 
16 
15 
15 
13 
12 
12 
11 
10 
9 
7 
5 
4 
3 
1 
-9 
-15 
20 
16 
14 
13 
12 
11 
10 
10 
10 
9 
8 
5 
4 
3 
2 
0 
-1 
-3 
-7 
18 
15 
15 
14 
12 
10 
8 
7 
6 
5.5 
5 
5 
3 
0 
-2 
-2 
-3 
-5 
-8 
14 
13 
13 
12 
10.5 
9 
9 
8 
7 
7 
6 
6 
4 
4 
1.5 
-1 
-3 
-3 
-5 
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4. Upper and lower body strength 
The chair stand test is a measure of lower body strength (Table 10a and b) and counts the 
number of stands a participant can perform in 30 seconds. It can be expected that at least 
10% of DS women, but only 5% of DS men across all age categories would be able to 
perform more than 15 stands in 30 seconds. Furthermore, at least 10% of men and women 
would only manage between 7-10 chair stands in 30 seconds. 
Upper body strength was measured with the isometric push-up test (Table 10c and d). It can 
be expected that DS men would perform better than DS women across all age categories. 
Between 30-45% of DS men younger than 45 years should be able to maintain the proper 
body position for more than 60 seconds, while only 10-15% of DS women would be able to 
do this test for longer than 60 seconds. In both instances, men and women older than 45 
years would have extreme difficulty with this test, with up to 35% of DS women who will be 
unable to perform this test at all.  
All the participants were able to perform the hand grip strength (Table 10e and f), with men 
showing overall better strength than women. 5% of men and women could grip at least 40 kg 
and 27 kg, respectively, with their dominant hand. For men, at least 10% would not be able 
to grip more than 20 kg, while in women at least 10% would not achieve more than 16 kg. 
Both DS men and DS women demonstrated poor abdominal strength (Table 10g and h), with 
between 25-45% of men and 35-75% of women who could not perform this test. On the 
other hand, it could be expected that at least 15% of DS men up to 45 years and 10% of 
women up to 35 years, should be able to perform this test maximally. 
Back strength was measured with the trunk lift test (Table 10i and j). Both men and women 
across all age categories performed well in this test. It could be expected that at least 50% of 
men younger than 45 years, and 40% of women younger than 35 years would be able to lift 
their trunks above 30 cm. Performance in individuals older than 45 years would be worse, 
with only 15% men and 10% women who can be expected to exceed 30 cm.   
The health related reference values for chair stands varies between 11-14 stands for men 
and 12-13 stands for women, while upper body strength reference values vary between 35-
65 seconds men and 19-40 for women. The health related reference values for hand grip 
strength varies between 31-40 kg for men and 21-23 kg for women, while trunk strength 
reference values vary between 26 and 35 cm for men and negative 23-32 for women. The 
only exception is the modified curl up where norms are provided at the 80th percentile due to 
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the very low abdominal strength capacities of DS individuals. These were 23-75 curl up’s for 
men and 23-32 curl up’s for women. 
Table 10a. Chair stands (number of stands) - Men 
Percentile rank 18-25 26-35 36-45 >45 
95 
90 
85 
80 
75 
70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
17 
16 
16 
15 
15 
14 
14 
14 
13 
13 
13 
13 
13 
12 
12 
11 
11 
10 
9 
17 
16 
16 
15 
14 
14 
13 
13 
13 
12.5 
12 
12 
12 
11 
11 
11 
10 
10 
9 
17 
14 
14 
14 
13 
13 
12 
12 
12 
12 
11 
11 
11 
10 
10 
10 
9 
9 
8 
15 
13 
13 
12 
12 
12 
12 
11 
11 
11 
11 
10 
10 
9.5 
9 
8.5 
8 
8 
7 
 
Table 10b. Chair Stands (number of stands) - Women 
Percentile rank 18-25 26-35 36-45 >45 
95 
90 
85 
80 
75 
70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
16 
16 
16 
15 
14 
14 
14 
13 
13 
13 
12 
12 
12 
11 
11 
11 
10 
9 
8 
 
18 
16 
15 
15 
14.5 
14 
14 
13 
13 
12.5 
12 
12 
12 
11 
11 
11 
10 
10 
9 
16 
15 
15 
14 
14 
13 
13 
13 
13 
12 
12 
12 
11 
11 
11 
11 
10 
9 
9 
 
15 
15 
14 
14 
13 
13 
12 
12 
11 
11 
11 
11 
10 
9 
8 
8 
8 
7 
7 
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Table 10c. Isometric push up (seconds) - Men 
Percentile rank 18-25 26-35 36-45 >45 
95 
90 
85 
80 
75 
70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
138.6 
104.0 
88.0 
85.0 
76.2 
70.0 
66.5 
64.8 
60.0 
50.7 
45.1 
42.7 
40.0 
34.0 
32.4 
23.1 
20.8 
20.0 
13.0 
153.6 
97.0 
80.6 
77.1 
71.5 
66.5 
58.0 
56.8 
53.7 
48.0 
47.0 
40.0 
33.7 
32.7 
24.4 
18.9 
8.0 
6.0 
1.0 
108 
87.0 
81.0 
75.2 
70.7 
66.5 
65.9 
57.1 
50.4 
49.0 
45.0 
40.6 
39.5 
38.1 
35.0 
29.9 
16.6 
4.0 
0.0 
86.8 
73.0 
59.3 
51.3 
48.6 
44.6 
41.5 
35.7 
26.5 
25.0 
24.5 
21.6 
16.8 
11.6 
11.0 
9.4 
8.2 
5.4 
0.0 
 
Table 10d. Isometric push up (seconds) - Women 
Percentile rank 18-25 26-35 36-45 >45 
95 
90 
85 
80 
75 
70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
71.0 
61.4 
56.1 
50.6 
46.6 
45.0 
40.0 
38.4 
34.0 
30.6 
21.9 
18.8 
13.7 
10.3 
9.5 
8.0 
4.1 
0.0 
0.0 
87.0 
72.0 
69.2 
54.9 
53.8 
51.9 
42.0 
40.0 
34.0 
33.0 
32.2 
23.0 
22.2 
21.0 
15.7 
13.0 
8.7 
3.4 
1.2 
56.8 
49.2 
46 
40.8 
40.0 
38.1 
34.6 
28.9 
27.0 
24.6 
23.1 
20.6 
19.0 
10.7 
9.0 
2.6 
0.0 
0.0 
0.0 
66.4 
59.2 
53.4 
41.1 
34.0 
30.8 
23.5 
18.7 
16.8 
11.6 
6.5 
5.2 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
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Table 10e. Hand grip strength (kg) - Men 
Percentile rank 18-25 26-35 36-45 >45 
95 
90 
85 
80 
75 
70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
45.1 
38.3 
36.9 
35.9 
34.9 
34.4 
33.6 
33.6 
32.9 
31.1 
29.3 
28.9 
27.9 
26.0 
25.7 
23.1 
20.8 
19.2 
14.8 
44.3 
40.4 
40.0 
39.0 
38.0 
37.1 
35.1 
33.9 
33.4 
31.6 
30.3 
29.7 
27.9 
25.7 
25.0 
23.2 
21.4 
16.1 
10.6 
41.9 
41.1 
38.7 
34.9 
33.9 
33.1 
32.3 
31.1 
30.0 
29.9 
29.0 
27.1 
26.1 
25.3 
24.2 
22.9 
21.3 
19.2 
13.2 
41.9 
41.6 
38.9 
37.5 
36.3 
34.0 
31.3 
30.5 
28.3 
27.1 
26.7 
25.8 
23.9 
23.3 
22.9 
21.8 
19.7 
19.4 
18.6 
 
Table 10f. Hand grip strength (kg) - Women 
Percentile rank 18-25 26-35 36-45 >45 
95 
90 
85 
80 
75 
70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
27.5 
26.8 
26.4 
25.0 
23.9 
23.8 
22.6 
22.1 
21.5 
21.3 
20.3 
19.7 
19.3 
18.3 
17.2 
16.6 
15.5 
14.1 
12.1 
32.6 
27.5 
26.5 
24.6 
24.2 
23.5 
22.5 
22.2 
21.5 
21.1 
20.7 
20.4 
20.0 
18.2 
18.0 
17.7 
17.2 
16.2 
13.9 
30 
27.2 
26.7 
25.6 
25 
23.8 
23.2 
22.7 
22.2 
21.5 
21.3 
20.4 
20.0 
18.0 
16.8 
16.4 
13.8 
12.7 
12.1 
29.7 
25.8 
24.6 
23.2 
22.7 
22.1 
21.7 
21.0 
20.1 
18.4 
17.5 
17.5 
15.6 
15.4 
14.5 
12.0 
11.8 
9.4 
8.4 
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Table 10g. Modified curl up (number) - Men 
Percentile rank 18-25 26-35 36-45 >45 
95 
90 
85 
80 
75 
70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
75 
75 
75 
75 
54 
50 
38 
31 
31 
17 
10 
8 
3 
1 
0 
0 
0 
0 
0 
75 
75 
68 
54 
35 
26 
22 
13 
11 
7.5 
6 
4 
3 
0 
0 
0 
0 
0 
0 
75 
75 
75 
41 
34 
30 
25 
22 
16 
12 
8 
6 
1 
0 
0 
0 
0 
0 
0 
75 
37.5 
30 
23.5 
19 
16.5 
11 
8.5 
5 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
 
Table 10h. Modified curl up (number) - Women 
Percentile rank 18-25 26-35 36-45 >45 
95 
90 
85 
80 
75 
70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
75 
65 
35 
29 
20 
13 
5 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
75 
75 
64 
35 
31.5 
23 
20 
17 
11 
5.5 
3 
0 
0 
0 
0 
0 
0 
0 
0 
32.0 
25 
23 
20.5 
19 
15 
13 
9 
5 
3 
2 
1 
0 
0 
0 
0 
0 
0 
0 
50 
36 
3 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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Table 10i. Trunk lift (cm) - Men 
Percentile rank 18-25 26-35 36-45 >45 
95 
90 
85 
80 
75 
70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
44 
41 
37 
36 
34 
34 
33 
31 
31 
30 
29 
29 
28 
26 
25 
23 
20 
20 
13 
46 
42 
41 
39 
39 
38 
37 
35 
33 
32.5 
30 
28 
28 
27 
26 
24 
22 
20 
16 
42 
39 
37 
36 
34 
34 
32 
32 
31 
30 
30 
28 
28 
27 
26 
25 
21 
18 
14 
35 
34.5 
32 
29.5 
29 
29 
27 
26 
25 
23.5 
22 
19 
17 
16.5 
16 
16 
14 
12 
10 
 
Table 10j. Trunk lift (cm) - Women 
Percentile rank 18-25 26-35 36-45 >45 
95 
90 
85 
80 
75 
70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
41 
38 
37 
35 
34 
33 
32 
32 
30 
29 
28 
28 
27 
27 
25 
24 
21 
20 
18 
38 
37 
36 
35 
33 
31 
31 
30 
29 
29 
27 
27 
26 
25 
23.5 
23 
21 
21 
19 
34 
31 
31 
29.5 
29 
27 
27 
26 
25 
25 
25 
23.5 
21 
21 
20 
18.5 
17 
16 
12 
35 
33 
29 
27 
26 
25 
24 
23 
21 
20 
20 
19 
18 
18 
16 
15 
14 
12 
11 
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5. Functional test 
Table 11a and b depicts the percentile scores for the 8-foot get up- and-go test. 5% of all DS 
men and 5% of all DS women younger than 45 years should be able to complete this test in 
less than 5 seconds. Only 5% of DS men older than 45 years, but 20% of DS women older 
than 45 years will take longer than 10 seconds to perform the test. 
The health related reference values for the functional test varied between 6-7 seconds for 
men and 6-8 seconds for women.  
Table 11a. 8- Foot get up-and-go (seconds) - Men 
Percentile rank 18-25 26-35 36-45 >45 
95 
90 
85 
80 
75 
70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
8.2 
7.5 
7.3 
6.8 
6.6 
6.4 
6.0 
5.9 
5.8 
5.6 
5.5 
5.3 
5.1 
4.9 
4.9 
4.8 
4.5 
4.4 
4.2 
8.5 
7.5 
7.2 
6.9 
6.7 
6.5 
6.2 
6.0 
5.9 
5.9 
5.9 
5.7 
5.6 
5.4 
5.2 
5.1 
4.9 
4.4 
4.3 
9.2 
8.3 
7.7 
7.6 
6.9 
6.6 
6.5 
6.4 
6.2 
6.1 
5.9 
5.7 
5.6 
5.5 
5.2 
5.0 
4.9 
4.7 
4.6 
10.9 
9.3 
8.5 
8.2 
8.1 
7.8 
7.1 
7.0 
6.9 
6.8 
6.7 
6.6 
6.3 
6.2 
6.0 
5.8 
5.4 
5.4 
4.8 
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Table 11b. 8- foot get up-and-go (seconds) - Women 
Percentile rank 18-25 26-35 36-45 >45 
95 
90 
85 
80 
75 
70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
7.9 
7.7 
7.4 
6.9 
6.6 
6.5 
6.3 
6.2 
6.0 
5.8 
5.7 
5.7 
5.6 
5.5 
5.2 
5.1 
5.0 
4.9 
4.8 
7.9 
7.7 
7.2 
6.7 
6.6 
6.5 
6.4 
6.3 
6.2 
6.1 
6.0 
5.7 
5.6 
5.4 
5.3 
5.2 
5.1 
4.9 
4.5 
9.8 
8.8 
8.6 
8.4 
7.6 
7.4 
7.2 
7.1 
6.7 
6.5 
6.3 
6.2 
6.1 
6.0 
5.8 
5.6 
5.5 
5.3 
5.0 
13.5 
12.8 
11.6 
10.0 
9.5 
9.1 
8.5 
7.9 
7.8 
7.5 
7.3 
7.3 
7.0 
7.0 
6.5 
6.2 
6.0 
5.4 
5.1 
 
6. Aerobic capacity 
The Bleep test is a measure of aerobic capacity (Table 12a and b). Overall, DS men 
performed better in this test than DS women. Only 25% of DS men younger than 35 years, 
and 20% between 36-45 years would manage to complete more than 30 shuttles. In DS 
women, only 15% younger than 35 years will manage to complete more than 20 shuttles. 5% 
of DS men older than 45 years, and 20% of DS women older than 45 years, will either be 
unable to do the test or complete only 1 shuttle.  
The health related reference values for aerobic capacity varies between 12-26 shuttles for 
men and 6-16 shuttles for women. 
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Table 12a. Bleep shuttles (number of shuttles) - Men 
Percentile rank 18-25 26-35 36-45 >45 
95 
90 
85 
80 
75 
70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
57 
42 
42 
35 
31 
30 
26 
26 
24 
24 
23 
21 
18 
17 
15 
13 
11 
11 
5 
56 
52 
42 
34 
31 
27 
25 
24 
21 
19 
17 
15 
14 
12 
12 
8 
8 
7 
3 
47 
33 
32 
30 
26 
25 
22 
19 
17 
16 
14 
13 
11 
11 
10 
10 
8 
7 
5 
31 
25 
20 
16 
16 
15 
13 
12 
12 
11 
11 
9.5 
7 
7 
4 
3 
3 
2.5 
1 
 
Table 12b. Bleep shuttles (number of shuttles) - Women 
Percentile rank 18-25 26-35 36-45 >45 
95 
90 
85 
80 
75 
70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
27 
23 
22 
21 
18 
17 
16 
16 
15 
15 
13 
12 
11 
10 
10 
8 
6 
3 
1 
38 
23 
21 
19 
15 
15 
15 
13 
13 
12 
11 
11 
11 
10 
8 
8 
7 
7 
7 
20 
16 
15 
14 
14 
12 
10 
10 
10 
9 
9 
8 
8 
8 
7 
5 
4 
3 
2 
15 
13 
13 
13 
9.5 
9 
8 
6 
6 
5 
5 
4 
4 
3 
1.5 
1 
0 
0 
0 
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D. Relationships between anthropometry, fitness and functional tests. 
1. Relationship between anthropometric variables and functional fitness 
Table 13a depicts the correlations for the men between the anthropometrical characteristics 
and functional fitness. Moderate to strong negative relationships were observed between 
BMI, and shoulder flexibility (r [correlation coefficient] = -0.54), upper body strength (r= -
0.35), abdominal strength (r= -0.37), and aerobic capacities (r= -0.38). Moderate correlations 
were also found between standing height and hand grip strength (r= 0.43), and between 
body mass and shoulder flexibility (r= -0.42), upper body strength (r= -0.32), and aerobic 
capacity (r= -0.30). Moderate correlations were found between sitting height and hand grip 
strength (r= 0.46), and trunk lift (r= 0.37). Lastly moderate correlations were also found 
between arm span, and hand grip strength (r= 0.46), and modified curl up (r= 0.33) shoulder 
flexibility (r= 0.42). In all other cases, there were only weak correlations between various test 
variables. 
Table 13a. Correlations between anthropometric variables and functional fitness for men 
(P<0.05). 
 Height Body mass Arm span Sit Height BMI 
Static balance 0.14* -0.11* 0.14* 0.16* -0.19* 
Dynamic balance 0.10* -0.11* 0.13* 0.02* -0.16* 
Catching a tossed ball 0.09* -0.08* 0.11* 0.10* -0.12* 
Throwing a ball at a target 0.15* 0.05* 0.21* 0.23* -0.03* 
Shoulder flexibility 0.28* -0.42** 0.42** 0.16* -0.54*** 
Sit and reach flexibility 0.04* -0.21* 0.17* 0.11* -0.24* 
Chair stand 0.14* -0.02* 0.18* 0.25* -0.09* 
Isometric push up 0.09* -0.32** 0.19* 0.15* -0.35** 
Hand grip strength 0.43** 0.09* 0.46** 0.46** -0.10* 
Modified curl up 0.27* -0.27* 0.33** 0.20* -0.37** 
Trunk lift 0.25* 0.09* 0.25* 0.37** -0.03* 
Bleep shuttles 0.24* -0.30** 0.26* 0.27* -0.38** 
8- foot get up-and-go -0.21* 0.13* -0.25* -0.29* 0.21* 
*** Strong correlation; ** Moderate correlation; *Weak correlation (Cohen et al., 1992) 
Table 13b shows the correlations for women between anthropometrical characteristics and 
functional fitness. Moderate to strong negative correlations were observed between BMI, 
and shoulder flexibility (r= -0.51), abdominal strength (r= 0.35), bleep shuttles (r= -0.31), and 
static balance (r= -0.31). Moderate correlations were also found between standing height 
and hand grip strength (r= 0.37), and shoulder flexibility (r= 0.35), and between body mass 
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and shoulder flexibility (r= -0.36), and between arm span and shoulder flexibility (r= 0.40), 
and hand grip strength (r= 0.36). Lastly, there were moderate correlations between sitting 
height and trunk lift (r= 0.37), bleep shuttles (r= 0.33), 8- foot get up- and-go (r= -0.33), hand 
grip strength (r=0.32), and shoulder flexibility (r=0.32). In all other cases, there were only 
weak correlations between various test variables.  
Table 13b. Correlations between anthropometric variables and functional fitness for women. 
(P<0.05). 
 Height Body mass Arm span Sit Height BMI 
Static balance 0.20* -0.20* 0.19* 0.25* -0.31** 
Dynamic balance 0.19* -0.14* 0.19* 0.24* -0.24* 
Catching a tossed ball 0.12* -0.07* 0.13* 0.11* -0.13* 
Throwing a ball at a target 0.21* 0.01* 0.27* 0.13* -0.08* 
Shoulder flexibility 0.35** -0.36** 0.40** 0.32** -0.51*** 
Sit and reach flexibility 0.16* -0.22* 0.20* 0.25* -0.27* 
Chair stand 0.07* -0.08* 0.05* 0.19* -0.13* 
Isometric push up 0.19* -0.20* 0.17* 0.23* -0.29* 
Hand grip strength 0.37** 0.12* 0.36** 0.32** -0.06* 
Modified curl up 0.25* -0.24* 0.21* 0.13* -0.35** 
Trunk lift 0.20* 0.11* 0.18* 0.37** -0.01* 
Bleep shuttles 0.26* -0.18* 0.19* 0.33** -0.31** 
8- foot get up-and-go -0.19* 0.11* -0.15* -0.33** 0.21* 
*** Strong correlation; ** Moderate correlation; *Weak correlation (Cohen et al., 1992) 
 
2. Relationships between physical fitness and functional tasks 
Correlations between individual physical tests and functional tests for men are shown in 
Table 14a and Table 14b for women. The selected variables indicate significantly moderate 
or strong correlations. Many significant and strong correlations were found between physical 
tasks and the chair stand task (4 for DS men and 2 for DS women) and the 8- foot get up-
and- go task (6 for DS men and 4 for DS women). The negative correlations observed with 
the 8- foot get up- and- go is an indication of an indirect correlation as this test item is timed, 
whereas the physical tasks are quantified as maximum number achieved. Particularly strong 
correlations were observed between leg strength and functional tasks for both men and 
women, while the modified curl up test correlated least to the chair stand test for both men 
and women. Furthermore, it is also noteworthy to observe the many strong correlations 
between aerobic capacity and physical tests (4 for the men and 3 for the women).  
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Table 14a. Correlations between physical fitness and functional tasks for men (P<0.05). 
Test item Chair stand 8 foot get up and go Bleep shuttles 
Isometric push up 0.53*** -0.60*** 0.58*** 
Hand grip strength 0.59*** -0.59*** 0.53*** 
Modified curl up 0.42** -0.52*** 0.56*** 
Trunk lift 0.52*** -0.51*** 0.37** 
Chair stand (as leg strength)  -0.78*** 0.57*** 
Bleep shuttles 0.57*** -0.66***  
*** Strong correlation; ** Moderate correlation (Cohen et al., 1992) 
Table 14b. Correlations between physical fitness and functional tasks for women (P<0.05). 
Test item Chair stand 8 foot get up and go Bleep shuttles 
Isometric push up 0.62*** -0.68*** 0.68*** 
Hand grip strength 0.49** -0.55*** 0.50*** 
Modified curl up 0.34** -0.47** 0.45** 
Trunk lift 0.39** -0.45** 0.40** 
Chair stand (as leg strength)  -0.73*** 0.57*** 
Bleep shuttles 0.57*** -0.68***  
*** Strong correlation; ** Moderate correlation (Cohen et al., 1992)  
 
3. Relationships between the balance, flexibility and coordination tests, and 
functional tasks for men and women 
The relationships between static and dynamic balance, coordination and flexibility tests, and 
functional tasks for men and women are depicted in Table 15a and b. Although all the 
reported relationships were statistically significant, the correlations between tests varied from 
weak (r<0.19) to strong (r<0.65). Strong correlations (r>0.50) were found between static and 
dynamic balance and functional tasks for DS women. Only one strong correlation was found 
for DS men (dynamic balance versus 8- foot get up- and- go, r= -0.53), with the other three 
correlations being moderate. Three out of the four coordination items correlated moderately 
with functional tasks for men, whilst two correlations were moderate and two weak for 
women. Catching a tossed ball correlated better with functional test items in both men and 
women compared to throwing a ball at a target. All flexibility correlations were moderate in 
strength, except shoulder flexibility in relation to leg strength in DS women (r= 0.27). Sit and 
reach flexibility generally correlated better with the functional tasks than shoulder flexibility. 
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Table 15a. Correlation between balance, coordination and flexibility tests, and functional 
tasks for men (P<0.05). 
Test item Chair stand 8 foot get up- and- go 
Standing on one leg 0.44** -0.46** 
Walking on balance beam 0.48** -0.53*** 
Catching a tossed ball 0.41** -0.42** 
Throwing a ball at a target 0.27* -0.30** 
Back scratch flexibility 0.34** -0.41** 
Sit and reach flexibility 0.46** -0.40** 
*** Strong correlation; ** Moderate correlation; * Weak correlation 
Table 15b. Correlation between balance, coordination and flexibility tests, and functional 
tasks for women (P<0.05). 
Test item Chair stand 8- foot get up- and- go 
Standing on one leg 0.57*** -0.65*** 
Walking on balance beam 0.50*** -0.59*** 
Catching a tossed ball 0.34** -0.40** 
Throwing a ball at a target 0.19* -0.23* 
Back scratch flexibility 0.27* -0.39** 
Sit and reach flexibility 0.38** -0.47** 
*** Strong correlation; ** Moderate correlation * Weak correlation  
 
E. Predictors of functional capacity 
1. Chair stand test for DS men 
Best subsets multiple regression analysis revealed a significantly high coefficient of 
determination (R2)= 0.53 to predict performance in the chair stand functional test. Hand grip 
strength (P= 0.002), trunk strength (P= 0.0001), dynamic balance (P= 0.01), aerobic 
capacity (P= 0.009), coordination (catching a tossed ball, P= 0.04) and sit and reach 
flexibility (P= 0.003) were the six variables which significantly predicted performance in the 
chair stand test. These six variables accounted for 53.2% of the variance in the chair stand 
test. Trunk strength (Table 16a) contributed most to the variance in the chair stand test with 
a standardised estimate of 0.26, followed by hand grip strength, sit and reach flexibility, 
aerobic capacity, dynamic balance and lastly coordination (catching a tossed ball). No other 
outcome variables (static balance leg, coordination [throwing a ball at a target] and 
abdominal strength) contributed significantly to the prediction of chair stands.  
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Table 16a. Predictive linear models for the chair stand test (Men) 
Predictive variable 
Parameter 
Estimate 
Standard Error t- value P-value 
Standardised 
Estimate 
Intercept 6.32 0.57 11.08 0.0001 0 
Walking on balance 
beam 
0.17 0.06 2.60 0.01 0.15 
Catching a tossed ball 0.16 0.08 2.07 0.04 0.11 
Sit and reach 0.04 0.01 3.00 0.003 0.17 
Hand grip strength 0.06 0.02 3.08 0.002 0.20 
Trunk lift 0.07 0.02 4.34 0.0001 0.26 
Bleep shuttles 0.03 0.01 2.63 0.009 0.16 
 
2. Chair stand test for DS women 
Best subsets multiple regression analysis revealed a significantly high R2= 0.46 to predict 
performance in the chair stand functional test. Upper body strength (P= 0.0001), hand grip 
strength (P= 0.002), trunk strength (P= 0.02) and dynamic balance (P= 0.001) were the four 
variables which significantly predicted performance in the chair stand test. These four 
variables accounted for 45.5% of the variance in the chair stand test. Upper body strength 
(Table 16b) contributed most to the variance in the chair stand test with a standardised 
estimate of 0.32, followed by dynamic balance, hand grip strength and lastly trunk strength. 
No other outcome variables (static balance, abdominal strength, aerobic capacity, shoulder 
flexibility and coordination [throwing a ball at a target]) contributed significantly to the 
prediction of chair stands. 
Table 16b. Predictive linear models for the chair stand test (Women) 
Predictive variable 
Parameter 
Estimate 
Standard Error t- value P-value 
Standardised 
Estimate 
Intercept 7.02 0.73 9.64 0.0001 0 
Walking on balance 
beam 
0.24 0.07 3.36 0.001 0.23 
Isometric push up 0.03 0.01 4.61 0.0001 0.32 
Hand grip strength 0.10 0.03 3.15 0.002 0.22 
Trunk lift 0.05 0.02 2.40 0.02 0.15 
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3. 8- foot get up- and- go test for DS men 
Best subsets multiple regression analysis revealed a significantly high R2= 0.58  to predict 
performance in the 8- foot get up- and- go functional test. Upper body strength (P= 0.01), 
hand grip strength (P= 0.001), trunk strength (P= 0.0001), dynamic balance (P= 0.02), 
aerobic capacity (P= 0.0001) and coordination (catching a tossed ball, P= 0.04) were the six 
variables which significantly predicted performance in the timed 8- foot get up- and- go test. 
These six variables accounted for 58% of the variance in the timed 8- foot get up- and- go 
test. Bleep shuttles (Table 16c) contributed most to the variance in this functional test with a 
standardised estimate of 0.24, followed by trunk strength, hand grip strength, upper body 
strength, dynamic balance, and coordination (catching a tossed ball). No other outcome 
variables (static balance, modified curl up, shoulder flexibility and coordination [throwing a 
ball at a target]) contributed significantly to the prediction of the timed 8-foot get up-and go 
test. 
Table 16c. Predictive linear models for the 8- foot get up- and- go test (Men) 
Predictive variable 
Parameter 
Estimate 
Standard Error t- value P-value 
Standardised 
Estimate 
Intercept 2.34 0.05 51.07 0.0001 0 
Walking on balance 
beam 
-0.01 0.01 -2.43 0.02 -0.13 
Catching a tossed ball -0.01 0.01 -2.03 0.04 -0.11 
Isometric push up -0.001 0.0003 -2.64 0.01 -0.16 
Hand grip strength -0.01 0.002 -3.36 0.001 -0.21 
Trunk lift -0.01 0.001 -4.02 0.0001 -0.22 
Bleep shuttles -0.003 0.001 -4.00 0.0001 -0.24 
 
4. 8- foot get up- and- go test for DS women 
Best subsets multiple regression analysis revealed a significantly high R2= 0.61 to predict 
performance in the 8- foot get up- and- go functional test. Upper body strength (P= 0.0001), 
hand grip strength (P= 0.0003), trunk strength (P= 0.002), walking on balance beam (P= 
0.0001) and sit and reach (P= 0.003) were the five variables which significantly predicted 
performance in the timed 8- foot get up- and- go test. These five variables accounted for 
61.1%of the variance of this functional test. Upper body strength (Table 16d) contributed 
most to the variance in the 8-foot get up-and- go test with a standardised estimate of 0.29, 
followed by, dynamic balance, hand grip strength, trunk strength and sit and reach flexibility. 
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No other outcome variables (static balance, abdominal strength, aerobic capacity and 
shoulder flexibility) contributed significantly to the prediction of timed 8-foot get up- and go 
test.  
Table 16d. Predictive linear models for the 8- foot get up- and- go test (Women) 
Predictive variable 
Parameter 
Estimate 
Standard Error t- value P-value 
Standardised 
Estimate 
Intercept 2.33 0.05 44.84 0.0001 0 
Walking on balance 
beam 
-0.02 0.005 -4.29 0.0001 -0.25 
Sit and reach -0.004 0.001 -3.01 0.003 -0.17 
Isometric push up -0.002 0.001 -4.87 0.0001 -0.29 
Hand grip strength -0.008 0.002 -3.73 0.0003 -0.22 
Trunk lift -0.005 0.002 -3.22 0.002 -0.18 
 
F. Comparison of DS results to other data sets  
a. Senior fitness test (SFT) 
The SFT is composed of 7 age categories namely 60-64, 65-69, 70-74, 75-79, 80-84, 85-89, 
and 90-94 years. Median values of the two data sets were compared according to the 
following age groups: DS 18-25 years and SFT 60-64 years (A), DS 26-35 years and SFT 
65-69 years (B), DS 36-45 years and SFT 70-74 years (C), DS >45 years and 75-79 years 
(D). In cases where DS test results are poorer than the 75-79 age category, reference will be 
made to which of the latter three SFT age groups their results are compare to. 
1. Back flexibility 
In men, all DS categories performed better than the SFT norms for individuals older than 60 
years (Fig 16i). Moreover, the oldest DS category (>45 years) performed better than the 
youngest SFT category (60-64 years).  
In women all DS categories performed better than senior individuals older than 60 years. In 
this case the oldest DS category also performed better than the youngest SFT category (Fig 
16ii).    
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i: DS and SFT men     ii: DS and SFT women 
Figure 16 i and ii. Sit-and-Reach Test (A: 18-25, 60-64; B: 26-35, 65-69; C: 36-45, 70-74; D: 
>45, 75-79 years) 
 
2. Shoulder flexibility 
Both DS individuals and the elderly significantly lacked shoulder flexibility (Fig 17i and ii). 
Although the performance for DS men across all age categories was similar to the elderly 
men, DS women performed poorly compared to their counterparts. In fact, DS women older 
than 45 years old performed similarly to what is expected from 90-94 year old elderly 
women. 
  
i: DS and SFT men     ii: DS and SFT women 
Figure 17 i and ii.Back Scratch Test (A: 18-25, 60-64; B: 26-35, 65-69; C: 36-45, 70-74; D: 
>45, 75-79 years) 
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3. Leg strength 
In terms of leg strength, the youngest DS men (<25 years) were comparable to the reference 
values for 75-84 year old men, while the older DS men (>45 years) performed similarly to 
85-89 year old men (Fig 18i). DS women also demonstrated weaker leg strength compared 
to the elderly women across all age categories. The performances of DS women older than 
45 years were comparable to 80-84 year old elderly women (Fig 18ii).   
  
i: DS and SFT men     ii: DS and SFT women 
Figure 18i and ii. Chair Stand Test (A: 18-25, 60-64; B: 26-35, 65-69; C: 36-45, 70-74; D: 
>45, 75-79 years) 
 
4. 8-foot get up-and-go 
Both DS men and women performed weaker in the 8-foot get up-and-go compared to senior 
adults older than 60 years (Fig 19i and ii). The performances of young DS men (<25 years) 
were comparable to the 70-79 year olds, while the young DS women compared well to the 
70-74 year old women. In both instances, DS men and women older than 45 years had 
similar performances to 85-89 year old elderly men and women. 
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i: DS and SFT men      ii: DS and SFT women 
Figure 19i and ii.8 foot get up and go (A: 18-25, 60-64; B: 26-35, 65-69; C: 36-45, 70-74; D: 
>45, 75-79 years) 
 
b. Norms for fitness, performance, and health (Hoffman, 2006) 
The norms for hand grip strength, published by (Hoffman, 2006) are based on healthy adult 
populations. Fig 20A and B compares the mean values for DS adults to the mean values for 
the general population.  
DS men and women performed poorly when compared to the means of the general 
population. In fact, all DS men and women categories performances are listed as poor in 
their respective age categories. Moreover, the youngest DS category for men and women 
remain low when compared to the 60-69 year old category. It is interesting to note that some 
of the elder categories performed better than the younger categories, as a similar result was 
found in the current study. 
 
A: DS and general population (GP) men B: DS and general population (GP) women 
Figure 20A and B. Hand grip strength  
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C. Brockport Physical test (BPFT) 
The BPFT provide norms for disabled individuals of 10 to 17 years old. In some cases, 
specific norms are also provided for individuals who are intellectually disabled. 
Unfortunately, no norms are available for adult populations and due to the BPFT being the 
only test battery with similar test items adapted for individuals with disability, the results of 
the current study can only be compared to the BPFT. These include items such as the 
modified curl up, isometric push up, and the 16 m bleep shuttles. The comparisons are 
mainly focussed on the 18-25 DS age group and the 17 year old BPFT group.  
The norms in the BPFT are health related and classified as either minimal or preferred for 
the general population. For items such as the modified curl up, hand grip strength and 
isometric push up, minimal norms are classified at the 20th percentile and preferred norms at 
the 60th percentile. Norms on other items were based on expert opinion, research or 
extrapolated from the Fitnessgram (Cooper Institute for Aerobics Research, 2004).  
There are also specific norms for individuals with various disabilities. Bleep shuttles, for 
example, were adjusted by 10% percent for individuals with ID. Similarly, hand grip strength, 
modified curl up and isometric push up were adjusted by 35%, 40%, and 50% respectively 
(Winnick and Short, 1999). These values were adjusted from the minimal general standards, 
hence the 20th percentile.  
The DS population in this study was compared to the latter four age group categories in the 
BPFT. Thus norms from the 20th percentile in this study are compared to the specific norms 
(individuals with ID) of the BPFT for modified curl up, hand grip strength, and bleep shuttles. 
Additionally, norms of the 60th percentile for the DS study are included to give an indication 
of preferred general norms. The only exception is the modified curl up where norms are 
provided at the 80th percentile due to the very low abdominal strength capacities of the DS 
individuals. 
 
1. Aerobic capacity 
Fig 21A indicates that the aerobic capacities of DS men were significantly less than the 
minimal norms suggested by the BPFT for young individuals. Even DS men at the 60th 
percentile did not reach these minimal norms. Although the differences for DS women were 
less, they still compared poorly to the minimal standards of the BPFT (Fig 21B). 
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A: DS men and BPFT boys     B: DS women and BPFT girls 
Figure 21. (A) Aerobic capacity for men and (B) for women. 
 
2. Hand grip strength 
Fig 22 shows that DS individuals (both men and women) younger than 45 years at the 60th 
percentile, performed better in the hand grip strength test than suggested minimal norms of 
the BPFT for youngsters with ID. The majority of DS individuals older than 45 years (60%) 
will just reach the minimal standards for 17 year old ID individuals.  
 
A: DS men and BPFT boys    B: DS women and BPFT girls 
Figure 22.  (A) Hand grip strength for men and (B) for women. 
 
3. Modified curl up 
All DS individuals compared very poorly to youth with ID (Fig 23). DS women recorded 0 curl 
up’s at the 60th percentile and men only 8. The 80th percentile was chosen as the health 
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related criterion variable with respect to the modified curl up due to the very low abdominal 
strength capacities observed.  
 
 
A: DS men and BPFT boys    B: DS men and BPFT girls 
Figure 23. (A) Abdominal strength for men and (B) for women. 
 
4. Trunk lift 
With respect to trunk lift the BPFT provides upper and lower boundaries which are 
acceptable for health related fitness for the general population. The 20th and 60th percentiles 
of the DS study are compared to those upper and lower boundaries observed in the BPFT 
(Fig 24). 
It must be noted that the BPFT only provides general norms for this item and not specific 
norms for individuals with ID. Additionally, the BPFT only measured to a height of 30cm 
whereas the DS study opted to measure trunk lift to maximum height due to the excellent 
trunk extensibility of DS adults. Therefore comparisons should be interpreted cautiously. 
Figure 24A and B shows that the preferred health-related values (60th percentile) for both DS 
men and women for back strength (trunk lift) compared well with the upper limits of the 
BPFT. Only DS individuals older than 45 years will not be able to reach values of the upper 
limits, but they would be on par with the lower limits. 
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A: DS men and BPFT boys    B: DS men and BFPT girls 
Figure 24.  (A) Trunk strength for men and (B) for women. 
 
5. Isometric push up 
The BPPT does not provide specific or general standards for individuals of 14 years and 
older. Therefore no comparisons are provided, but the preferred standard for health related 
purposes in the current study is provided at the 60th percentile (Fig 25). 
 
 
A: DS men and BPFT boys    B: DS women and BPFT girls 
Figure 25.  (A) Upper body strength for men and (B) for women. 
 
6. Balance and coordination 
The balance and coordination test items were not compared to any other populations. These 
items merely form part of a series of balance and coordination tests in the Bruininks-
Oseretsky Test. The balance and coordination test items in the current study were selected 
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as they best suited the needs of DS adults as demonstrated in the pilot study. The 60th 
percentile values for these items are depicted in Table 17, and are suggested to depict the 
health-related norms. Even though the value for the walking on a balance beam test item 
(women aged 45 years and older) represents 0, it is advised that 2 steps should at least be 
performed. 
Table 17. Preferred health related criterion referenced values for balance and coordination 
Test item Male Female 
 18-25 26-35 36-45 >45 18-25 26-35 36-45 >45 
Standing on one leg 10 10 7 4 7 7 3 2 
Walking on balance 
beam 
6 6 4 3 6 6 3 0 
Catching a tossed ball 4 4 4 4 3 3 3 3 
Throwing a ball at a 
target 
3 3 3 3 2 2 2 1 
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CHAPTER SEVEN 
DISCUSSION 
 
The present study examined the functional fitness capacity of DS adults. An adequate level 
of functional capacity is essential to permit individuals with DS the ability to partake in 
everyday living activities comfortably and independently without undue fatigue (Baynard et 
al., 2008). Morey et al. (1998) showed that functional fitness is highly associated with 
functional limitations and may be an important modifier to the onset of disability. On the other 
hand, functional debility may limit employment and recreational opportunities in a DS 
population and thus decrease community integration and quality of life (Cowley et al., 2010). 
 
A. Functional fitness capacity of DS adults  
This is the first study to provide essential baseline information about the functional fitness 
capacity of adults with DS in South Africa. Information of this nature will be of great use not 
only for researchers, but also for occupational therapists, physiotherapists, social workers, 
physical educators, coaches and teachers alike. To date, there are no published reports on a 
complete functional fitness battery consisting of items with flexibility, balance, coordination, 
aerobic capacity, muscular strength and endurance, and functional tasks exclusively in an 
adult DS population. The use of several different physical tests improved the overall validity 
of the assessment of functional fitness capabilities (Rikli et al., 1999).  
Tentative norm- and criterion- referenced values categorised according to age and gender 
are also provided, which would give an indication of the functional fitness status of DS 
individuals, as well as highlight potential strengths and weaknesses. Previously, information 
of this nature was published for the general population (Fitnessgram, 2004), the elderly 
population (SFT, 2001) and the disabled (BPFT, 1999). Norm referenced values are 
presented through a commonly used method, namely percentile tables. The percentile tables 
are presented for all 13 items.   
With reference to criterion referenced values, preferred levels of functional fitness 
functioning are provided (Chapter 6) which demonstrate adequate levels of health-related 
fitness for DS individuals. This is important as functional health is dependent on the physical 
capability of the individual which includes factors such as the ability to perform tasks 
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independently, and the ability to sustain the performance of those tasks (Winnick and Short, 
1999).  
All this information will be of great value to health professionals enabling them to develop 
specific recommendations and efficient interventions to improve functional fitness in this 
population.  
 
1. Anthropometric findings 
Anthropometric findings indicated that men were taller, heavier and had a greater arm span, 
and sitting height but that the women had a greater BMI (P<0.01). Using guidelines of the 
National Institute of Health (1998) (BMI>25, overweight; BMI>30, obese) it was found that 
32.2% of men and 33% of women were overweight and 46.7% of men and 61.6% of women 
were obese. These values are less than those presented by Bell et al. (1992). They found 
that 58% of men and 83% of women with DS were categorised as obese. Rubin et al. (1998) 
found that 45% men and 56% woman with DS were overweight (they did not measure 
obesity) but they used different criteria to measure overweight (BMI>27.8 for men and 
BMI>27.3 for women). This study therefore confirms the findings of Rubin et al. (1998) that 
the prevalence of overweight and obesity in the DS population is a major public health 
concern, especially since obesity is one of the primary risk factors for cardiovascular disease 
(ACSM, 1998) and causes an increased risk to develop other chronic diseases (Rubin et al., 
1998). 
Furthermore, higher incidences of obesity could be contributory to the lower cardiovascular 
capacity of DS individuals (Baynard et al., 2007). Many intervention studies with aerobic 
exercise alone have had limited success in reducing body weight in DS individuals (Lewis et 
al., 2005; Rimmer et al., 2004; Varela et al., 2001) and therefore it is recommended that 
exercise and diet should be used in combination to ensure proper weight control (Jakicic et 
al., 2003; Miller et al., 2007). Unfortunately, most DS individuals live sedentary lifestyles 
(Dodd et al., 2005; Rimmer et al., 2004; Tsimaras et al., 2003; Carmeli et al., 2002b; Fernhall 
et al., 1996; Fernhall et al., 1993; Pitetti et al., 1993 and Pitetti et al., 1991), which could be 
attributed to the fact that physical activity is often restricted for DS individuals (Carmeli et al., 
2002b). Inactivity is also considered a primary risk factor for cardiovascular disease (ACSM, 
1998). Therefore, this population merits special attention from sport scientists worldwide in 
order to improve their physical activity levels and reduce overweight conditions. Heller et al. 
(2004) gave evidence that a health education program for DS individuals provided the 
necessary means to overcome barriers that resist participation in physical activity. Barriers 
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such as a perceived lack of energy, laziness, concerns about health, and that exercise is to 
boring and difficult were significantly reduced in their study, while changes in attitudes 
showed fewer cognitive emotional barriers, improved life satisfaction, more positive 
outcomes, and increased exercise self-efficacy.     
The current study demonstrated that DS individuals have a much shorter stature compared 
to age matched peers in the general population. Therefore BMI indices in a DS population 
should be cautiously interpreted as all the values will be high. DS adults should actually have 
their own normative BMI values that are standardised and adjusted according to their stature 
characteristics. It has been proposed that body composition should be measured using the 
traditional skinfold-techniques (Winnick and Short, 1999) or Bioelectrical Impedence 
Analysis (Jackson et al., 1988). 
 
2. Test findings 
• Gender differences 
Findings indicated that DS men performed significantly better on all but three tests compared 
to the women (P ≤ 0.05). The women performed better on the sit- and- reach flexibility test 
and the chair stand test, however, differences were not statistically significant. Other studies 
have also determined that women in a general population perform marginally better in the 
sit- and- reach test (Hoffman, 2006; Singh et al., 2006). Singh et al. (2006) suggested that 
flexibility plays a greater role in the functional performance of women’s lives. Their study 
used a multiple regression analysis which showed that in women, flexibility predicted 
functional performance more than in men. 
The fact that DS women performed slightly better on the chair stand test could be explained 
by their shorter stature compared to DS men. Cowley et al. (2010) proposed if the chair 
height is too tall for a specific, it allows for easier standing (easier propulsion out of chair). 
Perhaps different chair heights should be used according to an individual’s stature or leg 
height.  
Differences in shoulder flexibility were also not statistically significant. This is a surprising 
finding, if one considers the norms for elderly individuals. According to the SFT, elderly 
women have better shoulder flexibility than men. Only the 36-45, year age categories 
demonstrated significant differences between genders in the current study. A possible 
explanation for this finding is perhaps the high percentage of overweight DS adults in this 
study (79.9% for men and 94.6% for women). Strong and significant correlations were 
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observed between BMI and back scratch for DS men (r= 0.54) and DS women (r= 0.51). 
Therefore, overweight conditions and short arm spans could possibly inhibit the ability to 
perform the shoulder stretch optimally.  
• Age differences 
Significant differences across age groups were measured for 9 of the 13 functional fitness 
tests. No significant differences were found for catching a tossed ball, throwing a ball at a 
target, sit and reach, and hand grip strength. Abilities in these items did however decrease 
from the youngest to the oldest age category. Hand grip strength was the only muscular 
strength measure that did not decrease with age in both men and women. Hofmann (2006) 
found that hand grip strength and sit and reach flexibility deviated positively and negatively 
from one age group to another in the general population, but ultimately decreased with 
ageing. They reported that average scores varied from 46.5 kg (20-29 years) to 46 kg (30-39 
years) to 44 kg (40-49 years) to 42 kg (50-59 years) for men and 29 kg (20-29 years) to 30.5 
kg (30-39 years) to 29.5 kg (40-49 years) to 27.5 kg (50-59 years) for women (Hoffman, 
2006). This finding is in agreement with results reported in a review of hand grip strength 
where 20 year old and 45 years old subjects were compared (Innes, 1999). In men, the hand 
grip strength was 51.1 kg in 20 year olds and 49.7 kg in 45 year olds. In women, it was 31.2 
kg and 31.7 kg for 20 and 45 year olds. In this study, findings were similarly consistent 
between younger and older DS individuals.  
The older DS adults (above 45 years) generally performed very poorly compared to the 
younger individuals in all test items. Rubin et al. (1998) and Carmeli et al. (2004) attributed 
this tendency to premature aging, as characterised by changes in body composition, 
functional decline and increased mortality. They observed that DS individuals experience a 
rapid decline in weight at earlier stages in life, compared to the general population. Similar 
findings were observed in this study. On average, DS adults in the 50-59 year age group 
were 9 kg (men) and 6 kg (women) lighter compared to the 40-49 year age group. In the 
general population, differences of this nature are only observed in individuals older than 60 
years (Hoffman, 2006). 
Similar declining values are seen in various functional fitness tests, such as aerobic 
capacity, functional tasks, trunk strength, isometric push up, modified curl up, balance and 
coordination. These results indicate that DS adults older than 45 years have far below 
average functional fitness capacities compared to the general population of the same age, 
and that the decline is more than what is expected with normal ageing. Not only does it 
mean that there are serious health concerns for older DS adults, but it also means that these 
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individuals will lose their independency at a relative young age. Carmeli et al. (2004) 
concluded from their study that premature ageing is more evident in DS individuals between 
55 – 61 years (mean 59 years), compared to the younger group between 41 – 46 years 
(mean 44 years). In this study it was evident that premature aging developed any time after 
45 years in DS individuals. The difference in findings could be related to the size of the study 
sample. In this study a large sample of 371 individuals were included, while Carmeli et al. 
(2004) only had 23 individuals in their study. It is therefore more likely that this study reveals 
a realistic picture of the true situation.    
 
B. Relationships between anthropometric, fitness and functional tests 
1. Anthropometric characteristics in relation to functional fitness 
Although all correlations between the anthropometric characteristics and functional fitness 
capacity were statistically significant, they did vary between weak to strong relationships. For 
both men and women it seems that BMI affects functional fitness the most. There was a 
strong correlation with shoulder flexibility, and moderate correlations with aerobic capacity 
and abdominal strength. In all these tests, individuals who are overweight and have short 
arm spans, like the majority of DS individuals, are expected to perform below average. In 
addition, upper body strength in men and static balance in women correlated moderately 
with BMI.  When one considers that aerobic fitness, strength and balance are considered 
fundamental fitness requirements for older adults, it emphasizes the fact that the high 
prevalence of overweight and obesity in DS adults should be seriously addressed. 
 
2. Physical tests in relation to the functional tasks 
In general, there were moderate to strong correlations between the physical tests and the 
functional tasks in DS individuals. However, two physical attributes correlated strongly with 
functional performance. For both men and women, leg strength (chair stand) correlated the 
strongest with the timed performance in the 8- foot get up- and- go test, while aerobic 
capacity was the second strongest correlation (r= 0.78 and 0.66 for men and r= 0.73 and 
0.68 for women). These results are in agreement with those of Cowley et al. (2010) who 
found that knee extensor strength (squared semipartial correlation coefficient [sr2] = 0.11-
0.20) and aerobic capacity ([sr2] = 0.10-0.14) are the best predictors of functional tasks in 
DS individuals. They also found that knee extensor strength was more important than 
aerobic capacity to predict performance in a functional task. 
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Both Rimmer et al. (2004) and Pitetti et al. (1995) concluded that weak leg strength in DS 
individuals is a major limiting factor for aerobic capacity. Rimmer et al. (2004) reported that 
DS individuals with the greatest leg strength had the highest peak VO2 values. This is the 
primary reason why Lewis et al. (2005) and Rimmer et al. (2004) used a combined strength 
and aerobic conditioning program in their studies and both concluded that interventions of 
this nature are more effective in enhancing cardiovascular function in DS individuals than 
aerobic training alone. On the other hand, it has been shown that when aerobic training 
programmes are of sufficient duration (6 months), it can significantly improve the leg strength 
and functional capacity of DS individuals (Carmeli et al., 2002b). 
Even though the modified curl up in this study was least related to functional capacity, 
abdominal strength forms an integral part of many functional activities. Schenk et al. (2006) 
determined that the abdominal muscles contribute to the stabilisation of the lumbar spine in 
both lateral and frontal positions when lifting objects. Thus, without sufficient abdominal 
strength one can expect that the individual is likely to develop lower back pain and as a 
consequence the person becomes less mobile and less functional.  
For both men and women, there were weak to moderate correlations between the remaining 
strength tests (excluding leg strength) and the functional tasks, although the correlations 
were slightly stronger for men. These tests are all indicative of upper body strength and it 
can therefore be expected that it would not play a major role in functional tasks which require 
mainly lower body strength and endurance. It is likely that a different choice of functional 
task where mainly upper body strength was required would have revealed different results. 
Upper body strength is essential for many tasks of daily living, as well as work-related 
activities and should therefore also be trained and developed to optimal levels. Shields et al. 
(2008) showed that an intervention programme consisting of upper and lower body muscular 
strength and endurance exercises in a DS population improves upper body functional activity 
and this may therefore contribute significantly to an individual’s ability to perform various 
activities independently.  
The physical tests that were used in this study contributed better to the functional 
performance in DS men (9 strong correlations) than in DS women (5 strong correlations). 
One could therefore consider adapting the physical test battery for women to include tests 
that may be more appropriate. For instance, the women performed very poorly in the 
isometric push up even though this is a recommended item for individuals with ID according 
to the BPFT. But all other strength items listed in the BPFT (flexed arm hang, extended arm 
hang, push up, bench press, dumbbell press, pull up, and modified pull up were tested in the 
pilot study but DS individuals were simply too weak or did not have the cognitive ability to 
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perform these test items. The isometric push up best fit the cognitive and strength ability of 
DS individuals. Nevertheless, the results indicate that the selected physical tests are 
important for both groups, as all relationships were statistically significant.    
In the current study, it was also found that the chair stand test correlated significantly and 
strongly with the 8- foot get up- and- go test. The fact that the current study found that 
aerobic capacity was contributory to functional tasks is in accordance with the study by 
Cowley et al. (2010). They stated that this finding is surprising because this is not typically 
found in the general population, but rather in older individuals with heart failure. They 
therefore suggested that individuals with DS individuals show severe reductions in aerobic 
capacity similar to patients with heart disease. Baynard et al. (2008) similarly found that the 
mean VO2 peak of adolescents and adults with DS is equivalent to what is typically recorded 
for 60 year old individuals with heart disease.   
 
3. Balance in relation to functional tasks 
Significant correlations were observed between balance ability and functional capacity, 
especially for DS women. Carmeli et al. (2005) stated that sufficient balance is a crucial 
component of daily living as many household tasks require this static and dynamic skill. 
Furthermore, poor balance in DS individuals is associated with an increased risk of falls, 
which will have a negative impact on the independency of individuals with DS (Carmeli et al., 
2002a) and would severely affect their ability to lead physically active lives. The fact that 
balance ability correlated better with functional tasks in DS women compared to men, is in 
accordance with the study of Sing et al. (2006). They attributed this finding to the fact that 
balance ability plays a more superior role in women’s lives whereas in men, strength played 
a greater role.  
 
4. Flexibility and coordination in relation to functional tasks 
Sit and reach flexibility correlated moderately to the functional tasks in men and women. Sit 
and reach flexibility was slightly better in women (although differences were not statistically 
significant), which correlated with the findings of Bell et al. (1981) who found that women had 
greater flexibility than men throughout life (18-88 years). Similarly, Wang et al. (1993) 
reported that men (both runners and non-runners) had tighter hamstrings muscles than 
women. It seems then that flexibility is a more important factor in women’s everyday 
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activities (Singh et al., 2006) and it would therefore be worthwhile to develop the flexibility of 
DS women to optimal levels.  
Shoulder flexibility only correlated weakly to the functional tests. However, similarly to the 
upper body strength tests, an upper body functional test would be more ideal in ascertaining 
the relationship of upper body flexibility to functional capacity. An example of such a task is 
the grocery shelving tasks used by Shields et al. (2008). 
One of the coordination items (catching a tossed ball) correlated moderately with both 
functional tasks for DS men and women, whilst the other (throwing a ball at a target) only 
correlated weakly. These findings are not unexpected, as it is logical that coordination ability 
would be less important predictors of functional abilities where strength and aerobic fitness 
are the major determinants. However, Singh et al. (2006) found that eye-hand coordination 
in elderly men and women were contributory to functional performance and they suggested 
that exercise programs should include this item. Eye-hand coordination is particularly 
important in fine motor activities and would enable an individual to perform various tasks, 
such as fastening a button or a shoe lace. Pueschel et al. (1997) determined that the eye-
hand coordination of DS individuals can be improved through participation in physical 
activity, which again emphasizes the need for structured training and activity programs for 
this population. 
 
5. The prediction of functional capacity 
A limitation of previous studies (Cowley et al., 2010, Shields et al., 2008, Carmeli et al., 
2002b, Winnick and Short, 1999 and Pitetti et al., 1992) is that only one or two physical tasks 
(strength and aerobic capacity) were considered to predict the performance in functional 
tasks. In the process other relevant and important physical factors were not considered. The 
current study employed a multiple regression analysis to determine predictors for functional 
performance in DS adults. Findings from the current study provide a complete range of 
physical abilities and the extent to which these predict with functional tasks. Additionally, the 
information is also differentiated for DS men and women, which were pointed out by Singh et 
al. (2006) as warranted. 
Findings of this study suggest that dynamic balance, hand grip strength and trunk strength 
are significant predictors in men and women as they were included in both models of 
functional performance. Moreover, for men, coordination (catching a tossed ball) and aerobic 
capacity was also included for both functional performance tests. Surprisingly, in women, 
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upper body strength was included for both functional tasks. Considering the strength of the 
predictors, differences between men and women were also observed. In men, trunk 
strength, hand grip strength and aerobic capacity were the strongest predictors, whereas in 
women, upper body strength and dynamic balance predicted performance in functional tests 
the most strongly. Again, this information is in agreement with Sing et al., (2006) who also 
found that balance was a more significant predictor to functional performance in women and 
that strength was a more significant predictor in men. Even though upper body strength was 
not included in the model for men, both trunk strength and hand grip strength were 
significant and strong predictors of functional performance. The current study found that 
coordination was significant predictors in men, but not in women, which is contrary to the 
study by Singh et al. (2006) as they found that coordination are significant predictors for both 
elderly men and women. What is also different to their results, is that sit and reach flexibility 
predicted functional performance in men and women in the current study (once, in different 
functional tests for men and women), whereas Singh et al. (2006), found that flexibility 
predicted functional performance more in women. However, the current study did find that 
women performed slightly better in sit and reach flexibility.  
Both Singh et al. (2006) and Morey et al. (1998) stated that this kind of information is 
important, as it highlights the specific factors that contribute to functional performance. As a 
consequence, appropriate training programs can be tailored and personalised for different 
individuals. Cowley et al. (2010) affirmed that specialized training programs are of utmost 
importance as the lack of physical fitness limits the ability of DS individuals to perform tasks 
of daily living. 
 
C. Comparison to other data sets with identical physical and functional tests 
The results of this study were compared to studies in which identical physical and functional 
tests were used i.e. SFT (Rikli et al., 2001) and the BPFT (Winnick et al., 1999).  
 
a. SFT (Rikli et al., 2001) 
The SFT is a functional fitness manual designed for the elderly (60-94 years) and provides 
norm- and criterion-referenced data. Comparison to this data set was relevant as DS 
individuals exhibit similar aerobic and functional capacities as the elderly (Cowley et al., 
2010; Baynard et al., 2008). The values in the current study were compared to those in the 
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SFT by age group i.e., 18-25 and 60-64 years; 26-35 and 65-69 years; 36-45 and 70-74 
years; >45 and 75-79 years. 
 
1. Sit-and-reach test 
DS men and women demonstrated much better sit and reach flexibility compared to older 
adults of the general population, which may be explained by the high prevalence of joint 
hypermobility in DS individuals (Lewis et al., 2005). This finding is in agreement with 
previous reports. For instance, Parker et al. (1985) found that DS children have better 
flexibility compared to normal age-matched children. Carmeli et al. (2002b) found that DS 
adults performed similarly in sit and reach flexibility compared to age-matched individuals 
with ID, but without DS. They found this surprising as other indices such as muscle power 
and motor performance was significantly weaker in DS individuals. They also considered 
poor muscle tone and soft tissue elasticity as possible reasons for the increased levels of 
flexibility, but in the end attributed sedentary lifestyle as the main contributory factor. Two 
years later, Carmeli et al. (2004) found that 60 year old persons with DS had similar sit and 
reach flexibility to 75 year old individuals without ID. This improved flexibility might assist DS 
individuals in various ways due to the many other weaknesses they have such as 
musculoskeletal, orthopaedic and neurological anomalies (Winnick, 2005; Lewis et al., 
2005).  
Singh et al. (2006) found that flexibility contributed more to functional capacity in women 
compared to men and stated that this factor may play a more important role in a woman’s 
life. The current study also found that women had better back and hamstrings flexibility than 
men, although the differences were not statistically significant.  
 
2. Back Scratch 
Although DS men presented with very similar shoulder flexibility to those in the SFT, the 
performances of the DS women were very poor compared to elderly women. It was already 
mentioned that an increased BMI could potentially inhibit the ability to perform the back 
scratch, due to the large % of overweight and obese DS individuals (especially women), as 
well as their generally shorter arm spans. Proper shoulder flexibility is important for activities 
of daily living, which includes activities that such as dressing, combing hair, reaching for 
objects etc.  
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3. Chair stand Test 
The chair stand test is not only a functional test, but also offer an indication of leg strength 
ability. This is therefore an important assessment in the test battery. Overall, both DS men 
and women performed similarly to the 70-89 year age group in the SFT. Specifically, DS 
adults younger than 25 years were comparable to the 70-84 year old group in the SFT. This 
finding reiterates that DS individuals have poor leg strength (especially knee extensor 
strength) as shown previously by Croce et al. (1996) and Pitetti et al. (1992).  
What is even more important is that this specific test should actually favour DS adults, 
because of their shorter stature, as Cowley et al. (2010) found that a shorter stature allows 
individual easier propulsion out of a chair. Compared to the norms for the elderly, DS adults 
were on average 16 cm (men) and 14 cm (women) shorter than elderly adults. Considering 
that the test was performed with identical chair seat heights of 43.18 cm, which is also the 
recommended seat height for DS individuals (Cowley et al., 2010), it would be expected that 
DS individuals should perform better in this test. This finding therefore confirms that DS 
individuals have abnormally low leg strength, which is further compromised by the fact that 
most of these individuals also carry excessive body mass. 
The poor performance of DS adults is unfortunate and an area of concern, as Carmeli et al. 
(2002b) stated that sufficient leg strength is essential to permit functional activities such as 
walking and maintaining balance when standing or changing direction. Furthermore muscle 
weakness of the lower limbs is associated with an increased risk of falling, which has severe 
health and financial consequences for any individual. Angelopoulou et al. (2000) added that 
muscle weakness can also lead to osteoporosis and reduced bone mineral density in DS 
individuals. Furthermore, Pitetti et al. (1995) found that inadequate leg strength influence the 
ability of DS individuals to maintain activities requiring aerobic energy. Therefore it is no 
surprise that the current study demonstrated strong correlations between leg strength and 
the timed 8- foot get up- and- go functional performance test (r= 0.78 for men and r= 0.73 for 
women).  
 
4. 8- foot get up- and- go functional test      
The 8–foot get up-and-go test is another important functional performance test that is often 
used as part of a test battery.  This test assesses both leg strength and aerobic endurance 
and both these factors have already been shown to be very important determinants of 
functional fitness. 
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Both DS men and women performed weaker in this test compared to individuals older than 
60 years. There were some correlation between the performances of the youngest DS 
women and the oldest elderly individuals. These results are in line with the above findings for 
the chair stand test and confirm the reports of Cowley et al. (2010) and Baynard et al. (2008) 
that DS adults possess inferior functional capacities. These functional limitations may be 
explained by a less active lifestyle and high percentages of body fat, which both may 
accelerate the onset of disease, resulting in symptoms of early aging. Fortunately, DS 
individuals do possess the capabilities to improve their functional fitness capacities (Cowley 
et al., 2010; Shields et al., 2008; Rimmer et al., 2004; Carmeli et al., 2002b) and many 
studies have shown that these individuals can safely participate in physical activities. 
Persons with DS should therefore be encouraged to become habitually physically active. 
 
b. BPFT (Winnick and Short, 1999) 
The BPFT provide criterion referenced norms relating to health for disabled individuals 
between 10 to 17 years old. The BPFT also provide criterion referenced norms specifically 
for youngsters with ID in items such as the 16 m bleep test, modified curl up, hand grip 
strength, and isometric push up. The DS population in the current study was compared to 
the latter four age group categories in the BPFT (bleep shuttles, hand grip strength, modified 
curl up and trunk lift) namely youth aged 14,15,16, and 17 years. These comparisons were 
necessitated as there is no information on these specific items for adults with disabilities, 
and in particular not for DS adults. These comparisons are not ideal and therefore results 
should be interpreted with caution.  
 
1. Aerobic capacity (Bleep shuttles) 
The traditional bleep test of 20 m was adjusted for individuals with ID to a 16 m test as 
suggested by Winnick and Short (1999), and this test was also used in this study. The DS 
population did not only perform much weaker than youngsters with ID, but they also 
compared poorly to individuals with ID from previous studies. a (Baynard et al., 2004; 
Fernhall et al., 2001a; Guerra et al., 2000; Fernhall et al., 1996; Millar et al., 1993; Pitetti et 
al., 1992a and Fernhall et al., 1989). Specifically, Baynard et al. (2004) showed that DS 
individuals have a peak oxygen consumption of 27.4 ml.kg-1.min-1 versus 34.3 ml.kg-1.min-1 
for individuals with ID. The current study found that DS individuals between 18-25 performed 
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13 and 8 bleep shuttles (men and women) whereas individuals with ID aged 17 years 
performed 59 (men) and 31 (women) bleep shuttles. 
It was especially persons older than 45 years who performed extremely poorly (mean 
shuttles were 11 for men 5 for women). It was noted that this group had particular difficulty 
with running, which Carmeli et al. (2004) ascribed to premature aging. It is suggested that 
the 6-minute walk test would be a more appropriate and valid test for older DS adults. Rikli 
and Jones (2001) used the 6-minute walk test in their test battery for elderly individuals (>60 
years old) and reported good criterion-related validity (r= 0.78) and reliability (r= 0.94). 
The low aerobic capacity observed in DS adults younger than 45 years may be attributed to 
various factors that have been highlighted in previous literature. These include a sedentary 
lifestyle (Fernhall et al., 1996), chronotropic incompetence (Fernhall et al., 1996), hormonal 
factors (Fernhall et al., 2009; Bricourt et al., 2008), low muscular strength (Baynard et al., 
2008; Lewis et al., 2005; Rimmer et al., 2004), obesity (Baynard et al., (2007) and other 
factors such as heart abnormalities, skeletal muscle hypotonia and joint hypermobility 
(Fernhall et al., 1996).  
Despite the prevalence of these obvious limitations in DS individuals to develop basic 
endurance capacity, it is nevertheless possible for them to improve their cardiovascular 
fitness. Dodd (2005) reported in a review of four studies that, with a proper balanced training 
program, DS individuals are able to improve their maximum workload, time to exhaustion, 
VO2 peak and peak minute ventilation. This training effect in cardiovascular fitness was also 
observed for different exercise modalities, i.e. jogging, cycling and rowing. Graham and Reid 
(2000) and Varela et al. (2001) emphasised that this increased level in work performance will 
contribute to a better ability to perform work, recreate, perform self care activities and 
improve quality of health, as well as lower health risks such as cardiovascular disease in DS 
individuals. 
Baynard et al. (2008) established that the VO2 peak of DS adults did not demonstrate the 
typical age related decline which is observed in the general population and they attributed 
this finding to the very low aerobic capacities of DS adults throughout life. They concluded 
that a plateau in VO2 peak is observed from a relatively young age, because of the low initial 
aerobic capacities in all DS adults over the entire lifetime. In the current study, however, 
significant differences across age categories were observed for both men and women. This 
may be attributed to (1) the running difficulties noted in the older persons, as previously 
mentioned, (2) the fact that the bleep test may not have been an appropriate test for older 
DS adults, or (3) the fact that aerobic capacity was only indirectly assessed.  If gas 
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exchange techniques were used to measure peak VO2directly, similar results may have 
transpired as in the study of Baynard et al. (2008).  
 
2. Hand grip strength  
There are no published data available for hand grip strength in a DS population and 
therefore the current study provides unique descriptive information on hand grip strength. 
Compared to the general age-matched population, DS men and women performed overall 
very poorly (Hofmann, 2006). In particular, DS men were much weaker than 17 year old 
youths with ID.  In contrast, DS women younger than 36 years compared well with 17 year 
old youth with ID.  
The importance of hand grip strength should not be underestimated by DS individuals, as 
Bohannon et al. (2008) found that hand grip strength predict future outcomes in aging adults. 
Specifically, they found that low grip strength was associated with a greater probability of 
premature mortality, the development of disability, and increased complications or prolonged 
length of stay after hospitalization. With reference to functional capacity, Taekema et al. 
(2010) found that lower hand grip strength correlated with poorer scores in functional, 
psychological and social health domains. Additionally, lower scores predicted an accelerated 
decline in ADL. Rogers et al. (2008) showed that hand grip strength is also related to health, 
as hand grip strength was associated with dementia. They concluded that the preservation 
of muscle strength with physical interventions is of cardinal importance.  
Considering the importance of optimal hand grip strength and the strong correlations 
between this test item and physical function in this study, training programs for DS 
individuals should most definitely include this type of training.  
 
3. Modified curl up  
The modified curl up test was chosen in the BPFT for individuals who have difficulty in 
understanding the procedure, or performing the traditional curl up test. It is therefore the 
recommended test item for individuals with ID.  
DS adults performed extremely poorly in this abdominal strength test. Even the youngest DS 
men and women (younger than 25 years) compared poorly to 17 year old youth with ID (0 to 
14 for men and 0 to 11 for women). Moreover, 55% of DS women in the 18-25 year old 
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category could not perform one curl up. Even though this test item has been adjusted to suit 
the physical and cognitive needs of this sample group, abdominal strength was a significant 
weakness in both DS men and women, but even more so for women.  
It has already been highlighted that adequate abdominal strength elicits high performance 
scores on general ability tasks, as well as provide stabilisation of the lumbar spine for many 
essential basic activities such as lifting, pulling and pushing (Michaelides et al., 2009; 
Schenk et al., 2006). Levinger et al. (2007) showed that resistance training which included 
abdominal training, improved the capacity to perform ADL and this result was independent of 
changes in body fat or aerobic power. They advised that adequate abdominal strength is 
important for everyday life. 
 
4. Trunk lift 
The trunk lift was also listed as a recommended item in the BPFT for individuals with ID, but 
unfortunately only provided norms for the general population. In this study the test was 
slightly modified from the original Brockport Physical test in that the maximum lift was 
measured for each subject, as opposed to the 30 cm required by the BPFT. It is suggested 
in the BPFT that adjustments should be made to individualise the test items for specific 
populations with obvious strengths and weaknesses in certain test items. It was observed 
during the pilot study of the current study that many DS adults reached 30 cm and it was 
thus decided to measure maximum trunk lift.  In the final results, it was shown that 50% of 
DS men and 45% of DS women younger than 25 years were able to exceed 30 cm in the 
trunk lift test.  Keeping in mind that the test endpoint was not the same, it was found that DS 
adults younger than 25 years performed very similarly to youngsters with ID. Only the older 
groups showed markedly lower values for back strength, which is expected due to the large 
age differences.  
Trunk strength is important for mechanical support, and to have the ability to sustain an 
isometric contraction to support the trunk in any given position (McIntosh et al., 1998). 
Matheson et al. (1992) found that trunk strength is very important for activities of daily living, 
such as a lifting and lowering tasks. Hongo et al. (2007) reported that low intensity back-
strengthening exercise was effective in improving back extensor strength and quality of life in 
patients with osteoporosis. Furthermore, Carpes et al. (2007) demonstrated that trunk 
strength and stability training reduces or eliminates the incidence of low back pain.  
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5. Isometric push up  
Unfortunately, the BPFT only provided specific norms for 10-13 year olds for the isometric 
push-up and therefore no comparisons to other data sets were made. The results show that 
30-45% of DS men younger than 45 years maintained the proper body position for more 
than 60 seconds, while only 10-15% of DS women accomplished the same. In both 
instances, men and women older than 45 years had extreme difficulty with this test, with up 
to 35% of DS women unable to perform this test at all.  
In an experimental study with DS adults, Shields et al. (2008) showed that a resistance 
training program holds many advantages to muscle performance and physical function. The 
resistance training group showed improvement in upper limb endurance, upper limb function 
and a trend in upper limb strength improvement. They concluded that upper body strength is 
very important for DS adults as shown by improved function and explained that this is very 
important for DS individuals whose employment often involves light manual labour work. In 
this study, it was shown that upper body strength correlated strongly to functional tasks for 
DS adults and thus forms an integral component of optimal function.   
 
D. Criterion-related variables 
Criterion-referenced standards are developed by identifying scores that are associated with 
a particular goal, such as being healthy (Rikli et al., 2001; Winnick et al., 1999). Rikli et al. 
(2001) stated that important information can be derived from both norm- and criterion- 
referenced standards. Where norm-referenced standards provide important information for 
evaluating one’s functional fitness, particularly the rate of change over the years, criterion-
referenced standards on the other hand can help identify the functional fitness needed for 
optimum health, or for other purposes such as functional independence. 
In this study, DS adults performed 13 physical tests which assessed aspects such as 
coordination, balance, flexibility, strength, ability to perform functional tasks and aerobic 
capacity. It has been established that the use of such a test battery, which includes physical 
and functional performance tests, show health-related content validity (Reiman and Manske, 
2009; Malmberg et al., 2002; Winnick and Short, 1999; ACSM 1998; U.S Department of 
Health and Human Services, 1996).  Due to the important association between physical and 
functional performance and health, and the relative importance of each of these qualities, the 
current study provides important preferred health related criterion variables for the DS 
population on all 13 test items (Chapter 6). This information is very useful, as Winnick and 
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Short (1999) stated that physiological health (related to the organic well-being of the 
individual) and functional health (related to the physical abilities of an individual) include not 
only factors such as well being, absence of a disease or a condition, or the low risk of 
developing a disease or a condition, but also the ability to perform activities of daily living 
and to sustain that activity. 
In light of the extremely low levels of aerobic capacity, muscular strength and endurance, 
balance, coordination and functional capacity of DS individuals in this study, it can be 
concluded that DS adults have poor functional health from a young age. Cowley et al. (2010) 
and Baynard et al. (2008) was of the opinion that the low aerobic capacities of DS individuals 
remind one of the frail and aged. It must be remembered that the life expectancy of DS 
individuals has increased dramatically in the last century (Torr et al., 2010; Bittles et al., 
2004; Carmeli et al., 2002b), but that this increased life expectancy is associated with 
increased health problems in DS individuals (Carmeli et al., 2004; Folin et al., 2003; Krinsky 
et al., 2002; Shamas-Ud-Din, 2002). Moreover, researchers have also shown that any 
further decline in the functional capacity of DS individuals, either as a result of ageing or 
living a sedentary life, could result in a shift from independence to a physical disability 
(Carmeli et al., 2003b). 
 
1. Choice of the 60th percentile as preferred value for health related fitness 
Winnick and Short (1999) opted to use the 60th percentile as the preferred limit for health-
related purposes in various tests, such as the modified curl up, isometric push up, hand grip 
strength, and bleep shuttles. They used the 20th percentile as a minimal health related 
standard but maintained that the preferred general standard accounts for many additional 
benefits. They also stated that the use of the 60th percentile as a health-related criterion-
referenced standard seems reasonable especially in the absence of a better index. Rikli et 
al., 2001) also admitted that their criterion values are loosely defined and need further 
research to confirm their validity, but that the health related criterion variables they provide 
are nevertheless useful and previously unavailable to interpret functional fitness.  
Due to the very low functional and physical status’s observed in DS adults, the many 
problems associated with these, and their tendency to age prematurely, it was reasoned that 
the 60th percentile was a reasonable preferred criterion-norm for all the test items, except the 
modified curl up where the 80th percentile was used. Both DS men and women performed 
very poorly in the latter test and since it has been shown that muscular strength relates to 
the well-being of the individual (Winnick et al., 1999), it was decided to set the 80th percentile 
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as the preferred criterion-norm for the modified curl up test.  Also, DS individuals do show 
the potential to improve their functional fitness (Cowley et al., 2010; Shields et al., 2008; 
Rimmer et al., 2004; Carmeli et al., 2002b) and thus the preferred threshold value is not an 
impossible goal for those who perform initially below this value.   
However, further studies on the validity of all these values will be required but in the 
meantime they provide similar useful information than the BPFT and SFT.    
 
2. A physical active lifestyle to improve health 
All the information discussed in the preceding paragraphs suggest that habitual physical 
activity holds many benefits for a more often than not, poor physical and functional 
population. The ACSM (1998) documented that regular aerobic exercise induces 
physiological responses which are of profound significance to the health of an individual. 
Morey et al. (1998) also provided evidence that physical fitness and physical activity may be 
independent risk factors for functional decline, but a lifestyle with habitual physical activity 
will relate to an optimum function and health. This is especially true for DS individuals since 
they show an increased risk of morbidity and debility at earlier stages in life (Carmeli et al., 
2005, 2004). Barnhart et al. (2007) and Carmeli et al. (2002b) reported that exercise would 
elicit a positive effect on the overall health of DS adults, thereby increasing quality of life and 
years of healthy life. Moreover, they stated that an active physical exercise program may 
slow the onset of disease associated with aging, reduce the risk of falls and encourage 
participation in recreational and social activities. Baynard et al. (2008) also stated that if 
functional status is maintained DS individuals can lead healthy satisfying lives as they age.  
Rimmer et al. (2004) is of the opinion that improvements in muscular strength and 
endurance in older DS adults may postpone premature functional decline and may have an 
important effect on maintaining functional independence. Singh et al. (2006) found that 
besides muscle strength, other fitness components such as balance, coordination and 
flexibility are also important for functional performance and health in the elderly. Carmeli et 
al. (2002b) found that a basic regular treadmill walking program demonstrated improvements 
in leg strength, balance, and walking function, which had a positive effect on functional 
capabilities and health of DS adults. Furthermore, aerobic conditioning is beneficial in the 
prevention, delayed onset, and the management of cardiovascular disease, diabetes, and 
obesity in populations without DS (ACSM, 2007). It is known that health and work 
performance, as well as independence are inter-related (Wyznikiewicz-Nawracala, 2002) 
and therefore one would strive to develop each individual’s functional performance optimally.  
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Shields et al. (2008) and Fernhall et al. (1993) are also convinced that an active lifestyle is 
very important for DS individuals considering employment opportunities, as their job criteria 
often involves the ability to perform light to moderate levels of physical labour.  
 
E. Conclusion 
To date, there have been no published reports on the performances of exclusively DS adults 
on a complete battery of functional fitness tests, including flexibility, balance, coordination, 
aerobic capacity, muscular strength and endurance, as well as performances in selected 
functional tasks. Therefore, the main contribution of this study is that it provides baseline 
information on the physical and functional attributes of DS adults. Information of this nature 
is of great use for researchers, occupational therapists, physiotherapists, social workers, 
physical educators, coaches and teachers alike.  
The study also showed that physical test items correlated significantly and strongly to 
functional performance for 9 items in DS men and 5 items in DS women, but all physical 
items were considered important as many other significant but moderate correlations were 
also found. Importantly, balance items correlated more strongly with functional performance 
in DS women than in DS men and suggest that separate training programs should be 
developed for DS men and DS women.  
The current study also demonstrated that DS adults have poor functional capacity when 
compared to the SFT, BPFT and the general population (hand grip strength). Generally, DS 
adults of all age categories showed similar functional fitness capacity to the elderly aged 70-
89 years. They did, however, demonstrate very good sit and reach flexibility but this is 
probably attributed to their sedentary lifestyle.  
Furthermore, the study provides valuable criterion referenced norms. These give an 
indication of preferred reference values needed for health-related purposes. Considering all 
the health related problems that DS individuals are born with, their tendency to live 
sedentary lifestyles, a high likelihood of obesity, low functional and physical ability, health 
related information of this nature is vital to this population. This is even more important for 
DS adults over the age of 45 years, who age prematurely as observed by plummeting 
weight, physical and functional test values. 
A strength of the current study was the total number of DS individuals (n= 371) who 
volunteered for the study. Although this does not include all the DS adults in South Africa, it 
is probably a fair representation of DS individuals in the country. 
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F. Future studies 
It has been established that exercise programs can improve the physical capacities of DS 
adults and it has been shown that physical tests predict functional tasks in the same 
population. A possible avenue for future research could be to study the combined effects of 
an aerobic, strength, balance, flexibility and coordination exercise intervention on functional 
tasks in DS adults. Furthermore, functional tests should include upper body tasks as well. 
Carmeli et al. (2002b) have already established that a 6 month treadmill walking protocol 
improves functional performance, but a holistic approach including all variables has not been 
studied. 
It would also be interesting to see how different exercise domains are specifically related to 
disease and chronic conditions and how dissimilar exercise regimes would reduce the onset 
of secondary conditions as DS individual’s age and positively influence health. Then criterion 
related variables reflecting optimum health would clearly be more reliable and valid. 
Especially a longitudinal study on the effects of exercise in preventing the onset of AD, as 
this chronic disease is the forerunner as an age-related disorder in middle aged DS adults 
(Torr et al., 2010).  
Future studies should focus on standardising the tests specifically to a DS adult population. 
The current study also showed that BMI is related to most physical components, such as 
aerobic capacity, abdominal strength, upper body strength and static balance. Future 
studies, using an experimental intervention program, could possibly determine whether a 
reduced BMI, following a training and a diet program, will positively affect performances in 
aerobic capacity, abdominal strength, upper body strength and static balance.    
 
G. Limitations 
A possible limitation of the current study was the use of the 16 meter bleep test in DS adults 
over the age of 45. Many DS adults in this age category struggled with this test item and 
demonstrated running difficulty. It is recommended that future researchers should use the 6 
minute walk test on DS adults over the age of 45 as done by Rikli et al. (2001) with elderly 
individuals in the general population. 
It would also be ideal to test the severity of intellectual disability of DS individuals 
concomitantly with functional fitness capacity. It would be interesting to see how mild, 
moderate or severe intellectual disabilities influence the functional fitness capacity of DS 
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adults. However, this study did not attempt to obtain information of this nature as additional 
permission from the Ethics committee would be required and the fact that many intellectually 
disabled facilities and workshops do not possess information of this nature. Also, individuals 
were excluded from the study if they did not demonstrate adequate cognitive ability in 
performing test items.  
Another possible limitation of the study was that individuals living in private homes were not 
compared to individuals residing in intellectually disabled facilities. For example, Rubin et al. 
(1998) showed that DS adults living in private homes demonstrated a higher overweight 
prevalence compared to those in group homes. Unfortunately, only 17 of the participants in 
the current study lived in private homes and if this figure had to be further categorised 
according to age and gender, the sample would be of insufficient size. If institutionalisation 
for instance, negatively impacts the functional fitness of DS adults, health professionals and 
researchers would know that integration with the society would be an even more important 
motivating factor to help DS individuals live privately and work in integrated environments.   
Aerobic capacity was measured using the 16 meter multistage shuttle run, a recommended 
item as advised by Winnick and Short (1999) for individuals with ID. Although this test item 
have sufficient validity and reliability, it is important to note that a laboratory assessment 
measuring VO2 peak directly, provides the most accurate assessment of aerobic capacity 
(Baynard et al., 2008). It was not feasible to test 371 DS adults scattered around South 
Africa in the laboratory, but it would be advantageous to establish normative values for VO2 
peak for DS adults. 
The current study demonstrated that DS adults age prematurely as evidenced by vast weight 
loss and plummeting physical and functional performance test scores between the 36-45 
age category and over 45 year olds. Exactly when this phenomenon occurs with the help of 
identified signs and symptoms would assist in gauging warning signs earlier for those who 
are at risk to lose their independence.   
Mosaic DS individuals demonstrated better functional fitness to the rest of the cohort. Norm 
and criterion referenced values specifically for this population would provide more valid and 
reliable information due to their superior capabilities. However, the prevalence of this 
condition is very low and only 5 of the 371 individuals in the current study had mosaic DS 
and they were spread over two age categories. 
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Test attendance  
Completion of all test items was very satisfactory in this study. This is in agreement with 
studies by Shields et al. (2008) and Varela et al. (2001) in adult DS populations. However, 
sufficient motivational strategies such as physical-, visual-, edible-, and verbal- 
reinforcement were recommended to improve conformity and minimise drop-outs as advised 
by Millar et al. (1993). Also, the ratio of researcher/trainer to subjects was as close to 1:4 as 
possible. Only a limited number of participants did not take part in some of the test items and 
it is unlikely that this would have significantly influenced the results. 
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The functional fitness capacity of adults with Down syndrome   
Information Sheet 
Purpose of the study: To determine the functional fitness capacity in Down Syndrome (DS) adults. 
Procedure: As a participant, you are invited to take part in a research project to determine the functional 
fitness capabilities of DS adults. Upon receiving your consent to participate in the study, and once you have 
completed the health screening form you will be eligible to take part in the functional fitness battery 
composed of 12 items. The tests will proceed over one day (approx1 hour). This includes 2 balance items, 2 
coordination items, 1 flexibility, 5 muscular strength and endurance items, 1 endurance item, and 1 agility 
item.  
Benefits: You will receive interesting information on your fitness levels that can be beneficial to improving 
your general health and ways to stay as functionally independent as possible. This is of cardinal importance 
as many DS adults suffer from thyroid dysfunction, obesity, musculoskeletal disorders, osteoporosis, 
cardiovascular disorders and Alzheimer’s disease. Exercise programs have shown the potential to positively 
affect the overall health of adults with DS, thereby increasing the quality of life and years of healthy life in 
these individuals. This is especially true since the life expectancy of DS adults have increased dramatically 
over the past two decades. Additionally, by having DS adults participate in this study, we will be better able 
to prescribe the correct training programmes for individuals with DS.  
Rights of Research Subjects: You can choose whether to be in this study or not. You may withdraw your 
consent at any time and discontinue participation without penalty. You are not waiving any legal claims, 
rights or remedies because of your participation in this research study. If you have questions regarding your 
rights as a research subject, please contact Ms. Maléne Fouché (contact number: (021) 808 46 22 or 
mfouche@sun.ac.za). 
Confidentiality: Any information about you that is obtained in connection with this study will remain 
confidential and will be disclosed only with your written permission. However, the results of the study may 
be published or disclosed to other people in a way that will not identify you. All questions and data sheets 
will be numerically coded and no names will be included in the data collection or analysis. All questionnaire-
based information will be used for data analysis then safely and securely stored at the Sport Physiology 
Lab, Department of Sport Science in a locked office. No one except the researcher and project supervisor 
will be able to access these raw data. 
Consent: The researcher’s intent is to only include subjects that freely choose to participate in this study. 
The participation is voluntary and you are free to withdraw your consent and discontinue with your 
participation at any time for any reason and you do not need to justify your decision. If you do withdraw we 
may wish to retain the data that we have recorded from you but only if you agree, otherwise your records 
will be destroyed. Your participation in the study is voluntary and does not prejudice any right to 
compensation, which you may have under statute law. 
Further Information: If you have any questions regarding this study you can contact any of the 
researchers detailed above. You will be given a copy of this information sheet and a consent form to read 
and keep prior to indicating your consent to participate by signing the consent form. 
The Human Research Ethics Committee at the Stellenbosch University requires that all participants are informed that, if 
they have any complaint regarding the manner, in which a research project is conducted, it may be communicated to 
the researcher or, alternatively to the Administrative Officer, Human Research Ethics Committee, Division of Research 
Development, Stellenbosch University, Private Bag X1, Matieland, 7602 (telephone number 021 808 4622). All study 
participants will be provided with a copy of the Information Sheet and Consent Form for their personal records. 
Department of Sport Science 
Sport Physiology Laboratory 
Coetzenburg, 7600 
Stellenbosch University  
Phone: 021 808 2818 
Pieter Boer (Masters Student) 
Phone: 082 672 2729       
Email: PBoer@sun.ac.za   
Prof E. Terblanche         
Phone: 021 808 3392      
Email: et2@sun.ac.za 
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The functional fitness capacity of adults with Down syndrome   
Consent Form (Parents/Guardians) 
I ___________________________ have read the information provided and any questions I have 
asked have been answered to my satisfaction. I agree to allow my child/this child to participate in this 
activity, realising that He/She may withdraw at any time without reason and without prejudice and that 
any record of my participation will be destroyed. The information was described to me by Pieter Boer 
in Afrikaans and/ or English and I am in command of this language. 
I understand that all information provided is treated as strictly confidential and will not be released by 
the investigator unless required to by law. I have been advised as to what data is being collected, 
what the purpose is, and what will be done with the data upon completion of the research. 
1: I understand that my child’s / this child’s participation is entirely voluntary. 
2: The raw data on which the results of my project depend will be retained in secure storage for five 
years, after which it will be destroyed. 
3: I understand that, at my request, I can receive additional explanation of the study at any time. 
4: I was informed that there are no costs involved for my child’s/this child’s participation in this project. 
5: I am aware that the anthropometrical assessments include body mass, stature and body 
composition analysis, and limb length. 
6: I am aware of the health screening test in which I will be asked various questions about my child’s/ 
this child’s health and the family’s health.  
7: I also understand that the researcher or medical doctor may withdraw my child from the study if 
deemed necessary for medical purposes. 
8: I am aware that that the functional tests include 12 items including 2 balance items, 2 coordination 
items, 1 flexibility item, 5 muscular strength and endurance items, 1 agility item, and 1 endurance 
item. 
9: There are minimal risks associated in participating in this study. There is the risk of falling off the 
balance beam but the risk is minimal as the balance beam is not raised off the floor. Possible 
dizziness, nausea, light headedness, shortness of breath, cramps, prolonged fatigue and exhaustion 
might accompany the cardiovascular endurance test. 
10: I understand that the researcher/test observers and/or Stellenbosch University may not be held 
responsible for any injuries/problems that might occur during any of the tests included in this project. 
11: I am aware that if I have any complaints or if I am not treated with respect, I may phone Ms. 
Malene Fouche at (021) 808 46 22. 
12: I will receive a copy of the participant information sheet and informed consent form for my own 
records. 
13: I agree that research data gathered for the study may be published provided my name or other 
identifying information is not used. 
______________________                    __________________ 
 Parent/Guardian                                             Date 
Research will be conducted according to the declaration of Helsinki, Medical Research Council 
(MRC) guidelines and SA Good Clinical Practice (GCP). The researcher conducting this study 
support the principles governing both ethical conduct of research and the protection at all times of the 
interest, comfort and safety of the participants. The form and the accompanying information sheet are 
given to you for your own protection. They contain a detailed outline of the project procedures 
Department of Sport Science   
Sport Physiology Laboratory 
Coetzenburg, 7600  
Stellenbosch University 
Phone: 021 808 2818     
Fax: 021 808 4817 
Pieter Boer (Masters Student) 
Phone: 082 672 2729      
Email: PBoer@sun.ac.za    
Prof E. Terblanche         
Phone: 021 808 3392      
Email: et2@sun.ac.za 
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The functional fitness capacity of adults with Down syndrome   
Consent Form (Participant) 
We would like you to participate in a research study where we want to find out how fit people with 
Down syndrome are. If you decide that you want to be in this study, this is what will happen. We will 
come to the place where you work or stay and we will perform 12 tests on you and your friends. Tests 
will happen over 1 day and each session will last about 1 hour.  
Can anything bad happen to me? 
In the one test you will get tired and sweat a bit, your heart will beat fast, and you will breathe rapidly. 
People will be there to help you. When walking on the balance beam people will support you and 
prevent you from falling. 
Can anything good happen to me? 
This study will show you that exercise is healthy and fun and we hope to learn something that will help 
other people some day. 
Do I have choices? 
You can choose not to be in this study. 
Will anyone know I am in the study? 
We won’t tell anyone you took part in this study. When we are done with this study, we will write a 
report about what we found out. We won’t use your name in the report.  
What happens if I get hurt? 
If you fall or feel unwell, someone will be there to help you and your parent/guardian will help you get 
better. 
What if I do not want to do this? 
You don’t have to be in this study. It’s up to you. If you say yes now, but you change your mind later, 
that’s okay too. All you have to do is tell us. If you have any more questions please ask your 
parent/guardian or me. If you want to be in this study, please sign or print your name.  
 
 
Yes I will be in this study   No, I don’t want to do this  
______________________                    __________________  ______________ 
Participant’s Name    Signature   Date 
 
______________________                    __________________   ______________ 
 Parent/Guardian                                             Signature    Date 
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Appendix D 
 
 
 
Sport Science Research Subject Health Screening Form 
The Health History section is adapted from the Standardised Physical Activity Readiness PAR-Q & 
You Questionnaire (American College of Sport Medicine, 2000) 
Please complete the following questions. 
Contact number of general physician/doctor______________________________ 
 
Has your doctor ever said that you may not do any physical activity? 
Yes No 
 
Do you feel pain in your chest when you do exercise? 
Yes No 
 
Do you smoke? 
Yes No 
 
Have you had any chest pains in the past month? 
Yes No 
 
Do you lose your balance because of dizziness? 
Yes No 
 
Do you experience the loss of consciousness? 
Yes No 
 
Do you have a bone or joint problem that could be aggravated with 
exercise? 
Yes No 
 
If yes, please specify: 
 
Are you using any medication 
Yes No 
 
If yes, please specify: Name and indicate if chronic 
 
Do you know of any reason why you should not do this study? 
Yes No 
 
Do you suffer from any of the following conditions? Please specify if necessary. 
 
Musculo- skeletal problems 
Yes No 
 
Metobolic- and endocrine disorders 
Yes No 
 
Immune deficiencies 
Yes No 
 
Cardiorespiratory disorders 
Yes No 
 
Cardiovascular disorders 
Yes No 
 
Haematological problems 
Yes No 
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If you have said yes to one or more questions, please consult your doctor by phone or in person. If 
your health status changes during the study period, please inform the principle investigator. 
Please do not hesitate to ask any questions. You can contact the principle researcher, Pieter Boer: 
Email: PBoer@sun.ac.za 
Mobile: 082 672 2729 
Work: 021 808 2818 
Fax: 021 808 4718 
 
Thank you 
Pieter Boer  
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APPENDIX D 
Statement by Researcher 
 
 
Statement by researcher 
Title of the research project: The functional capacity of Down syndrome adults. 
Researcher and Contact Address  
Pieter Boer (Masters Student, Sport Science) 
Phone: 082 672 2729 or 021 808 2818; email: PBoer@sun.ac.za 
 
I,  Pieter Boer, declare that I: 
 
1.  Explained the information in this document to_________________________;                                                    
2.  Requested the participant to ask questions if anything was unclear; 
3. That this conversation took place in English/Afrikaans. 
 
I, the researcher, furthermore declare that the research will be conducted according to the 
International Declaration of Helsinki, Medical research Council (MRC) guidelines and SA Good 
Clinical Practice (GCP). That this study supports the principles governing both ethical conduct of 
research and the protection at all times of the interest, comfort and safety of the participants. 
 
Signed at STELLENBOSCH      on  / /   . 
 
_________________________   ___________________________ 
     Researcher       Witness 
    Pieter Boer 
 
 
 
 
Pieter Boer                          
Phone: 082 67 22 729            
Email: PBoer@sun.ac.za   
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Fax; 021 808 4817 
